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REMOTE TROPOSPHERIC RACIC COMMUNICATION.

I. A. Gusyatinskiy, A. S. Nemircvskiy, A. V. Sokolowv, V. N. T:oitsh&.

Page 2.

In the bock are prusented questions of the transmicsion
nultichannel and televisicn sigrals on radic relay lines, which use
an effect of the remote tropospberic proragation of VHP.

Are
€ rdmered 4 the mechanisms c¢f resote tropostheric grcpagation of VHF,
l special feature/peculiarity of the passage cf radiosignals through

the troposphere and the different methods of the diversa

recept ion/procedure. Analyzed frequency and phkase characteristics cf
the circuit of propagaticn in the troposghere and are derived
formulas for calculatirg the thermal and transient iptarferences witn

nultichannel telephony at the output of cme secticn of troposgheric

line. To remaining chagters they are dedicated antenna feeder.
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The book is of large interest for the engineers of radic

communications.

Illustrations 144,

Tables 3.

Bitliographies 100.

Fage 3.

Ereface.

Develcpmnent of contemporary technolcgy led to the need for ths
rapid and exact soluticm of the prcbleas of ccntrel and cocréinatice
taking into account the events, cccuring at large distances from <*hs
control centers. In this case sharply increased the role of
communication not only ir the diagram of "man-man", tut alsc fcr trlre
data transsissicn in the system, wvhich connects tetveen themselves
two electronic computers. The character ¢f the transmitted
information in this case causes sfpecial requirerents for the circuit:
first, an increase in the trammission ability cf cormunicatirg
systems, and, in the seccnd glace, an increase in the requirements

for reliability and quality ct trarsmission.




DOC = 80025101 FAGE 3

One of possible technical eguipment, which satisfy the stated
requirenents under conditicns of the sparsely pcpulated and almost
inaccessible arsas of *errestial globe, is ccemunication equigment
with the aid of the lines of resote trepcespheric prcecragation cf ul+«ra

short waves (DTR).

The wide development of the network of the tropospheric lines of
communications (to January 1905 in entire world were counted scre
than 70 thousand km of lines LTE) confirss their expediently uses,
especially in those areas where are hindered hampered (or they are

impossible) constructicn and operation of usual radio relay lines.

The proposed to the reader bock is dedicated to the study of the
rroblem of the transsissicn of trcadband multichannel signals along
the radic relay lines, which use an effect c¢f the remcte trcrcspheric

cropagation VHF.

It rests in the larger part cn the origiral works, carried out

by collective writers in the period 1959-1¢67.

The book assumes kaocwiedge Ly the readers cf the fundamental

policies of radic engineering VGZ [ By3 - Institute cf Higher
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Bducation]; it is intended to enyibeers and tc scizntific «crcers,
whc work in the area of exploratico, plannirg and -~ -eratica ct

trcpospheric ccmeunicating sysctess and can te use *Lcck .ot

W

students of senicr ccurses at Viul.

Sections of a bcck are writter; &hagter I, 3§ 4., . -
&.1, 6.2, 7.1 and 7.3 - cy A. S. MNemirovskiy. Chagter 1 -
Trcitsky. Chapter 3, §§ 4.3, 4.4 - by I. A. Gusyatinsxiv. .na:"-.
(uith exception §§ 5.3-5.5 and £.11) - by A. V. Sckclev. 3y ~.3, ..
- by T. G. Tarakanova, §(§ 5.3, S.4, 5.5 - B. £. Nadenenkc, 7 S.11 -

by Yu. N. Margolin, § €. - E. Ya. Ryskin, § 7.2 - ty I. L. Faperncv.

The authors are sinceraly grateful to the reviewer of the bock
V. V. Markov, who gave the nuamber of valuatle councils, taken irtc
consideration by the authors during final pregaraticn of the

ranuscript for the publicaticna.

Responses and otservaticns abcut the bcck shculd ke guided intc

'’
the publishing house 3¥ﬁn6-“‘ (8cscow-Center, Chistcprudnyy avenus,

2) . 'Svya.z' !
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Page 4.

Chagpter 1.

FEATORES OF THE REMOTE TRCECSEHEKRIC PROPAGATICN OF ULTRA SHOFT WAVES.

§ 1.1. On the nature of tneé phenomenon of the remcte trcpospheric

rropagation of ultra shcrt waves.

Heterogeneities of the lcwer layers of the atrcsgphere.

The effect of the atmcsphere ¢n the prcpagation cf ultra shcert
vaves is connected in essencé with the fact tlrat the dielectric
rerpeability of air ¢ is not a cconstant valuée and depends cr
teaperature, pressure and¢, air tumidity

43102\

,
T

(L.

vhere T - temperature cf air in 9K;

P - pressure in thre millitars;

e - vapor pressure in the smillibars.
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It is well known that thke temgerature, pressure and air humidi«
change in the space and in tte tise; therefcre the sase changes
according to (1.1) undergoes value S~’ihree-dimensicnal/space chanqges

have both regular and irregular character, Reqular changes ¢ With
the altitude cause, as is kocwn, the thercmencn cf the refraction cf
radio waves. Us subsequently in essence they will interest irregular,
random heteroganeities : which cause reflecticn and scattering cf
ultrashort radio waves. These heterogeneities +# which have differ=nt
dimensions and forms, ccntinuously are mcdified in the time, they
disappear and appear again,they move with the flcw cf air nmasses,
creating the complicated picture c¢f randcs flvctuaticns » in

atecsghers.

Random fluctuations =+ it is possible tc divide into twe
fundamental forams; 1) laminax heterogeneities even 2Z) the

heterocgeneities, connected with vortex, turtulent air moticn.

The laminar hetercgeneities of the atacsthere are encountered
they are very frequently and cause€d by the wcst diverses reascns.
First of all, such hetercgeneities include the layers with szmall or
even negative gradients cf the teagerature (i.e. the layers where T

& increases with the altitude).

Such layers, which are stakls formation, they usually call

[N
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inversions.

Page 5.

Inversions block vertical air mcticn and therefcre are trapping
layers, which are accorpénied by differert divergences in change tie
air humidity and wind velocity. An abrurt change of tne absolute
humidity in inversion layer is caused by the fact that the irversicr
delays the admission of water vapcrs intc the cverlying layers where
the air proves to be drier. As can be seen frcm (1.1), the
temperature rise and the drop in the humidity with altitude in
inversion layer create extremely favorable ccrditiors for foreiny

irregularities of dielectric -permeability.

Most essential for us are the inversions c¢f free atmosphere,
i.e., inversion, enccunter at the altitudescf mcre than 500 r. They
include so-called subsidence tegperature inversion which fregquently
are formed in the anticyclonic conditions wher the upper air layers
are omitted down due tc the spreading of lcwer layers and in this
adiabatically are heated. Sucn inversions have large extent in the
horizontal plane and ccrnsideranle intensity. C[yramic inversicons are

developed in the layers witbh bigh wind velccities. The rapidly moving

flcw draw-in air of the layers w»ith the lower speed of the wind. In

this case on the upper tcund of layer high velccities are created *te




DOC = 80025101 FAGE €

descending motions and teamaperdture is raised, and on lower bcundacy

it is raduced.

Inversions appear also due to different transparency of air in
the different layers due to the fpresence in the atmcspher2 of wate:
vapors, clouds and dust. Layers with the increased content of *he
droplets of water, water vapcrs and dust can te warmed thoroughly ty
solar radiation considerakbly sore strong than surrounding air. The
rassage of fronts also scametimes causes the appearance of inversicn

due to the stratificaticn of the warm air aktcve the ccld.

Oone of the important reasons for the appearance cf
heterogeneities ¢ of laginar character is the presence of the
cloudiness; on the bcundary of clcud occurs a rather sharp drcg in
the absolute humidity cf air and a noticeable change in the

temperature, which leads tc abrupt change ¢ in the air.

The heterogeneities cf laminat character agpear also as a cesult
of the horizontal movement cf air masses which were heated
differently above the different parts of the earth's surface, as a
result of the convecticn c¢f wara air, due tc the internal gravi+y

waves and many other reascns.

Heterogeneities ¢ c¢f lLaminar character have thicknass from th=




DOC = 80025101 FAGE 3

tenths of meter to several hundred meters., Increment ¢ in such
layers oscillates frcm 107% tc (S—-10)«107S. The extent of laminar
heterogeneities in the hcgrizcntal plane is changed alsoc over wiie

limits: frcm tens of meters to tens of kilometers.

The heterogeneities of the second form are caused by turtulent

air motion as a result cf the inequality of the earth's surface,

GRIAIRRER, 0 X Y e

nonuniformity of its heating and other reascns.

Fage 6.

The eddy, which was lein¢ formed io one regicn of the atmosphere, is
moved into other regicrs, assuming to kncwn degree the tesgperature
and the humidity of initial regicn. Therefcre this vcrtex forrs the

local heterogeneity, which has c¢o the average spherical form.

According to the general theory of turbulence, developed Lty A. X.
Kolmogorov and A. M. Otukhcv, the turbulent wcticn begins frcm the
formation of large-size vortices (approximately of the same crder
as the size of entire flcw as a whole). These vortices during their 13
motion gradually are diminished, being ccnverted intc the vortices c¢?
smaller dimensions. In this case the intensity cf turbulent motion
falls, since with the decrease cf size cf vortex increases the rcle
of viscosity. Energy of the ssallest vortices is ccnverted intc ths=

heat. This leads to the fact tbat in the atscsphere constantly and

v
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simultaneously there are vortices cf different sizes. Therefcre i« is
Fossible to speak about the continuocus spectrum of hetesrogeneitias

caused by turbulent mcticn. In this case, the less the dizensicr
of heterogeneity, the swmaller will be the in it increment ¢ which is
noted by the known law c¢f two thicrds, according tc which

Pl = oy — o)f == B, (1.2)

wvhere - and . - value at gcints 1 and 2, ., - a distance
tetween these twc points, and B - constant. Here line above the
bracketed expression indicates average value. Value v —r% which
characterizes random heterogeneities - is called of structural
function. For the variec conditions the constant B takes different

values.

Thus, in the atmosphere simultaneously thkere are hetercgeneities
cf different nature and varaigus forms which ccntinuously mcve and
change. The quantitative descrigticn cf these hetercgeneities

presents considerable difficulties. Usually tley assume

I D
- =0 - Aty

A\

where - average valuve ~. and s - random variable, which changss
in the time and in the space. In tbis case it is assumed tha+
function ‘' is statistically stationary, alttough the latter
positicn, apparently, is not entirely correct. For the statistical
description of fluctuaticns - they use either structural function or

three-dimensional/space correlaticn functicn,

s 1 am e 9 =

s
]
]
§
1
?

Tt A £ 1% et o 11
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N S PR (1.3)

—,
where l - distance between gcints 1 and 2. In general p(}) defends

not only on distance l, tut alsc on directicn of the vector 1,

carried out from point 1 1ntg pcint 2.
Fage 7.

Between structural function (1.1) and correlaticn function (1.3)
there is the single torn¢
o(T) =37 - Lp(7).

' ' 2 \

BEoth the structural functiorn f{i) and correlaticn function p(i) can
te determined experimertally with the aid cf the measurement cf
fluctuation ¢ in the atmospbere. The experimental data about
heterogeneities ¢ of the atmosghere thus far are very limiteé and
incomplete, first of all, due tc tbe insufficiercy cf the space of
such measurements and, furtktermcre, due to the insufficient
instrument accuracy with aid of which are measured these

heterogeneities. In mcre detail with the experisental data akcut

fluctuations 2 in the atmosphere it is fposcsikle to be introducel in
wvork [1.1]). Experiments show that the intensity cf fluctuaticaos e,
value 1¢?, slowly decreases with the altitude approximately according

to the same law, as value ¢} which, sgteaking in general terus,

i exponentially falls with the altitude. At the altitudes from 1 tc 3
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|
%
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km the standard deviaticon of value ¢ ccmprises (1-3)e1076 with the

interval of averaging cr the c¢rder of 1 km.

Reflecticn and scattering cf ultra short waves ty atmospheric

irreqularities.

Then tropospheric rrcpagaticn is caused Ly the re-emissicn
—{scattering or reflecticn) of ultra short waves bty heterogeneitiss
<. which were discussed above. Let us pause in greater detail at the

pature of this phenorencn.

As is kncwn, ultra snort wavas, in particular centimeter ard
decimeter ranges, possess the ccaparatively weak ability to gc¢ arcund
cbstructions due to the phencamenon of diffracticn. Therefore for the
transmitting station the earth's surface creates the rather starg
toundary between that illumirated and that shaded by regions. The
same boundary is formed alsc frcm the side flattem stations (Fig.

1. 1) . fhe reception of wvaves prcves to be possiktle only from certain
space, hcrizontal abc¢ve intersecticn ¢f tangerts to the earth's
surface, carried out thrcugh the ccrrespcndinc points. If in this
space prove to be hetercgeneities & then such hetercgeneities will
cause reflection and scattering ¢f the incidert cn them wave. The
rart of the scattered cr reflected energy can achieve receiving

point. Because at large distances (it is more than 100-150 kn)




e ———————— e
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diffraction field on VHF proves to be negligitly small, the field,
re-emitted vith heterogeneities =2 will tre furdamental, altkcugh its

value alsoc small.

For determining the field, re-emitted with hetercgeneities, they

use the usually follcwing metnod.

Page 8.

In view of the fact that {3 and E<<KE,, where E - strength of the
re-emitted field, and E4, -~ stremgth of the field of *he incident

vave, in the squations cf Maxwell leave cnly the members where 2: and
B enter to the first degree (Eorn approximaticn). As a resul% for tthe

re~emitted field is cbtained the fcllcwing exrressicn:

-t . ~L—Ar ,
A A T (1.4)
=~ 4T U e
a4
vhere: x= fi - wvave nctatker,

Eg - strength of the field of the incident wave,

r, - a distance frca the current point tc the gpcint of

reception,

a4 - the space in which are located the heterogeneities.
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After averaging on tne sgpace and passing tc the attenuaticen

is not difficult tc cbtain

] o

factor . = =
_ o e exp——;x-fx-—v’;'ff:—r’;,-, L _
- .:-_‘ Re !} ‘l‘*\“ . — — dada ‘? (1.3)
Popre .. = ror. fars H
Ced v s * - !
Here - distance frcam the transmitter tc the curren* pcin%, r,

- distance from the current gcint to the pcint cf recepticn. Under

the integral sign will ccst already known frcx the preceding secticn

correlation function ovu)=JAzle"
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Fig. 1.1. Space of re-esissicn.

Fage 9.

Equality (1.5) can te recorded otherwise

. O I TP 2 .
T 2220 Re i F , (1.6)
T "\

here ¢ = ) el d=r=- - the distance between corresponding pcints,

and P - reflection ccefficient frcs the cnly heterogeneity, which has

the form, depicted as ccrrelaticn functien

- b s
g ( EXPI— Rl sy =g
| o
v

: da’. )
AT

d
F T —
ix nra

S

a

Thus, expressions (1.5) and (1.6) make simple sense. The first
inteqration indicates the detersination of reflecticn ccefficient

from one certain averacec¢ hetercgeéneity whose fcrm is determined by

the form of the functico of ccrrelation, and the second integration
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indicates the additicn c¢f fields froam all heterogeneities, lccated in

space a'.

Let us now examine tne behavior of reflecticn ccefficient or,
are more accurate, the ccefticient cf re-emissicn based on the

example of the correlaticn functicn of the fcrm

—x') y— g (z—2')2 ,
p= Egexpr_ (x "X) _y AL ,) 1 (1.8)
| 2 2 2o
where x, Yy, z - rectangular ccordimates, and {,,io = the so-called

scales of heterogeneities ia the hncrizontal and vertical planes. If
>/, heterogeneity has the pancaxe form, elcngated in the
horizontal plane. The ccoputaticn cf integral (1.7) with the steepest

descent method for p fcre (1.8) leads to the fcllcwing result:

& Ay Yo 4 o : "
F=—_ _V-(_g)_ exp!_xl —I'(COS \pl —COS\Q«':); -
% 0 YBg  nn ( Lh
- 1)
4 —(sinP; = sinig,)?) . {i.¢
Yz ! “’)J]

For simplicity it was here assumed that the center of
heterogeneity was located in the vertical plare, passing through the
corresponding points. Value B is determined ty the expressicr:

4 Co. 201 s N bl

B=Yl[_'-'l—"' ——COS".{Jl—j——SIR’q}n‘;
2 12 2 3 2 3 -
el 2o 2D

%1 -~ this the angle Ltetween the directicn in the transmitter and the
herizontal plane, Y2 - an dangle between the direction in thse

receiving point and the same glane (FPig. 1.2);
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\ = T T Iy VAT T T I
g T

D= }/l%i - size cf tte first Fresnel zone in the plane,

rerrendicular to directicn ¢f prcpagation.
Page 10.

From (1.9) it follcws that the maxiwmum value P will have in tha
direction of incident wave Y1=-—¢. This maxisua ccrresponds tc
re-emission forward. Besides it, 1s a maximum near the direction of
the mirror reflection whea Vi=v%2. This maximus is feasikle, if . >> .,
and D<.. it corresponds tc the mirror reflected wave. The diagram cf
the re-emission of enerqgy by irreqgularity in the vertical plane

rroves to be by such as it is depicted in Fig. 1.3,

* -
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Fig. 1.2. To computation of field level, re-euitted with

heterogeneities of trcpcsgnere.

Pig. 1.3. Radiation pattern of re-emissicn cf energy Ly

heterogeneity.

Key: (1). Porward scattering. (z). &ncident wave. (3). Wavs

reflectad.

i Page 11,

with the decrease of sizes of heterogeneitias of less than the

Fresnel zone the maximus 1n the sirror directicn disappears and
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conme to the case of the usual scattering

_ V&
F==

As ) xt . s
o fHltexp {— T Eosy — cos oy

+ Z(sinp; + sinye)?

|
i

(L 10)

In the case of rescte tropcsgheric grogpagaticn in view cf the
geometry of route W ditrers little from ¥f: ir the essential gart of

space a'; therefore
T A 2 e .
F.—.—-T ___..[‘I’[zx-.exp L"‘"\_;-Iﬁ:‘n-w:' 1i.0e)

vhere Y=y, =1v¢s.

This is - known exgressicn for relative value cf the scattered

energy in the case of the correlation functicr cf fcrr (1.8). Anctther
extreme case - reflecticn frca the 1ayef - we will cbttain frcrmr (1.9,
assuming /[ —co;

—_— i 2 g
(Pl L o g Rim i) (1 12)
- |

o sin
This expression, naturally, ccincides with the kncwn expressicre
for the reflecticn ccefficient frcs the layer whose fcrm is

deterzined by Gaussian functicn As=An|ﬂp{—~éi% ottained by cther
methods. Prom equalities (1.11) amd (%.12) it is evident that the
cases of scattering and reflection differ radically from each other
in form of dependence cf P cn the wavelergthk, dimensicns of

heterogeneities and ancle ¥ With quasi-mirrcr reflection (1.12) the

dependence on angle y 1s sharper and frcm tte wavelength veaker than
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during pure scattering (1.11).

By analogous methcd 1t is possible to fird value of P fcr c*ther

forms of the functicn ¢f correlaticn. Just as fcr the case of

Gaussian correlation function (1.8), the tcrm cf derendence cf F ct
the wavelength of angle  will ke changed with a change in the
character of re-emissicr (juasi-sirror reflecticn or scattering). Ths
real heterogeneities of the atmcsphere have very coamplicatad
structure. In the atmosphere there is constantly a whole spectrunm cf
toth laminar heterogeneities ané heterogeneities cf isctroric
structure; therefore the ccaputaticn of attenvaticn factor in the
case of remote tropospheric grogagation proves tc be sufficiertly
complex problem. It is turtker cosplicated ty the fact , that we,
until now, do not have available statistically reliable data about
hetercgeneities ¢ of tne atmosphere. However, general laws it is nct
difficult to explain frcm equalities (1.%5), (1.6) and (1.1%), (1.12).
Pased on the example tc the ccrrelation functicn ¢f fcrm (1.38) we

note that the re-emitted field possesses large directivity.

Page 12.

Both possible maximum cf re-eaission (straigqht line and mirrecr) aco

sufficiently acute, since value <7 in (1.1C) is great in view ¢f the

fact that the dimensiors c¢i ketercgeneities are ccnsiderably greater
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wavelength.

Therefore space a', waica we will call tte tropospheric space cf
re-emission, sharply will te restricted cn the altitude, since the
heterogeneities, located hiyhliy, will not participate in the
formation of the field in the place of recegticn in view of the sharp
drop P with increase . amnd . 1Tlhen it is pcssibtle tc speak also
about the heterogeneities of the atmosphere, lccated Lkeside the
route, The radiation pattern cf re-emission ir the hcrizontal plane
is also narrow; therefcre the space of re~emissicn will be limited,
alsc, in the horizontal flane. lLet us note that in the case c¢f the
scattering whan ., <<D, tha agirected properties ¢f re-emissions less
and the dimensions of the re-emitting space mcre in ccmpariscp with

the case ¢f quasi-wmirrcer reflacticr.

Thus, during the reaote trcpospheric prcpagaticn in the frocess
of the re-emission of eneryy participates limited region of space -
trcpospheric space of re-emissiom a‘'. Specifically, Ly this- srace
actually is conducted integraticn in (1.€). Tte angular dimensicns cf
this volume are deteremined ty tte properties ¢f hetercgenesities,
i.e., by their dimensicans, wavelength and by angle y or, which is
the same, by distance. In tne case when are arrlied the pencil-tear

antennas, the space c¢f re-emissicn can be determined by the artenna

radiation pattern, if the angle or antenna directivity becomes lzss

=0 e e i 1P TR

Py
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than angular dimensions tropospheric volume cf re-emission a‘'.
& 1.2. Dependence of the average signal level cn the distance.

The dependence cf the average value of attenuaticn factcr ifrer
the distance is connected, in the first rlace, with the decendence cf
the coefficient of re-emissicn F ¢n angle u: The value cf ancle
in the space of re-emission is determined by the gecmetry cf rcute,
Roughly it is possible tc consider that angle %' 1is equal *tc¢ ths
half geocentric angle ¢ (Pig. 1.4). With an ircrease in the distancs=,
i.e., with an increase ¢, i1ncreases . and corsequently, acccrding tc
{1.11) and (1.12) or analogous equalities for other forms cf the
function of correlation falls value F. If the dimensicns cf
heterogeneities are small ‘' <0}, then occurs usual scattering and
dependence of V on angle ¥ 1is nct as acute as with ., >>D, when is
cbserved quasi-mirrcr wave reflection frcm the hetarcgeneities.
Therefore in the first case dependence of V cr the distance froves *c
te weak in comparison with large~-size case cf heterogeneities. Great
effect on detrendence of V c¢cn the distance exerts change with the
distance of the dimensicons cf the space cf re-emissicn. In fact, with
increase ¢¢ and, therefcre,  and . accordirg to (1.9) or similar
equalities for other fcres c¢f the functicn of ccrrelaticn the
directivity of the cha:acia:istic ¢f re-emissicn increases ard

therefore decrease the angular dimensions of the space of re-emissicrn
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Page 13.

Consequently, «¥ith the conidirectional artennas the angular
dimensions of the space cf re-emission fall. Cn the cther hand, with
an increase in the distance with ccnstant quantity cf the angular
dirzension of space a' its gecmetric space increases propcrticrally
d3. Therefore in depending cmn tke characteristics of heterogeneiticss
and line c¢f wave the valus cf the space cf re-erissicn will either
increase or fall from the distance. With the fencil-team antennas
when space is determined by the intersection ¢£ th2 antenna radia%icn
patterns, the dimensicrs of the space of re-ezission, obviously,

increase with the distance pIopcrtionally 43,

Another factor, which affects the ccurse cf the average value cft
signal level with thke distarce, 1s change witt the distance cf¢
altitude of space cf re-emissicr. 1t is cbvicvs that with an increase
in the listance the altitude ¢t the space of re-emission above the
earth's surface increases. Sinceé tke average intensity cf
heterogeneities 5e* falls trcam the altitude t, this rhenomencn causes

an increase in the rate c¢f the drcg in signal with the distance.

FOCTNOTE !'. The intensity of hetercgeneities 47 falls from the

;
.
B
!
i
v
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altitude in viaw of the fact taat talls absclute value ¢ and,
furthermore, due to the distance frcm earths surface, which glays

large role in the formaticn of tetercgeneities. ENDFCCTINOTEZ.

With an increase in altitude, 4apparently, is changad not only value
e, but also dimensicrs cf hetercyeneities ard their ferm, which

also superimposes its izfpressice c¢n decendence cf V on the distance.

Thus, the dependerce of attenuation factcr V on distance is

caused by a sufficiently larce quartity cf different factors.
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Fig. 1.4. connection of angle ¢ with the geccentric angle.

Fage 14.

The quantitative account of these all factcrs represents significant
difficulty, in particular, if ocre considers that the informaticn
about the structure cf the hetercgeneities cf the atmosthere are
still very limited. Under these ccrditiors are cf special inter=st
the exparimental data atcut the average signal levels at different
distances. However, the use these data fcr determining the dependence
of V on the distance meets with the known difficulties at w#hich we

will pause below.

The fact is that the attenuation factor in the case cf remcte

tropospheric propagaticn prcves tc be such srall that even at the
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considerable power of transmictter for the reliatle reczption at largs
distances is necessary tke use cf the pencil-team antennas; hcwever,
in this case the space ¢f re-amission will degend on directivity cf
both antennas, therefcre, and attenuation factcr V will also depend
on antenna directivity. Experimental data atcct the averags values of
factor of weakening at different distances in the majcrity of tha
cases are acquired precisely for the pencil-teasm antennas, mcrecver
in different experiments were applied different artennas. Therefcre
in order in some way t¢ crder tke data akout the average signal
levels in the case of rescte trcpospheric prcragaticn, it is
necessary to eliminate tke efrect ¢f antenna directivity. For this
has the sense to construct the dependence of attenuation factor on
the distance for the omnidirecticnal antennas, first after ccrnverting
experimental the data atcut the average signal levels fcr the
conidirectional antennas. The effect of antenna directivity in this

case is considered separately.

Dependence cf Y or the antenna directivity is ccnventionally
designated as losses of antenna gain. On this phencmenon the speach
will gc in the followirg paragraghs; therefcre here we will ke
restricted only to ccnfirmaticn, that this translaticn to rprccuce is
possible. Furthermore, fcr tle characteristic ¢f signal usually
utilize not average value and auct rms value the V, but median value

cf attenuation factor fut, as it will te further shcwn, this
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value is inconvenient fcr the calculations, it does not reflect tha
energy characteristic cf siynal and strongly it depends on the depth
of fadings. Therefore as tte characteristic cf signal level we will

apply value "= or ' .. s =1 1:'" (Consequently, is necessary the

1y

translaticn of =2xperimental data from value I, to value ',

It is known that the attenuation factcr ccntinuously is changed
in the time, in this case are ctserved bcth the rapid fluctuations
with tha period less than 5 sin and slow fluctuations with the pericd
it is more than S5 min (in detail aktout fluctuaticns ¥V it will be
described into § 1.4). Pcc determining the res value cf attanuation

factor they entar as fcllows. First is detersined the res value V in

ve

(28

every 5 min. Then firdirg tus statistical 3distribution of the £
minute rms valu2s of the V aurircg the large pericd cbssrvaticns, Froa
1

the same distribution they find ‘.- Thus, V.a - this zedian value

cf five minute rms values.

Eage 15,

Running in forward, let us say that the statistical distributicn cf
the five minute rms values V is surordinated tc lcgarithmic normal
law with the standard deviaticn e. In this case is easy to ok+ain the

connection between V.., and V,. Let us reccrd V.,;.. and V., 1in

the decibels:
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v = 10lg V2,

¢p. KB (36)

In the case of logarithmic normal lawv thte average from lg V
coincides with the median value V, since lccarithmic normal law -
this normal law for 1lg cf the V, while ip the case normal law average
and median values coincide; theretcre

’ ey

Luex - 20 lg—v = 10‘3’ V3,

Probability density V in the case of lcgarithmic normal law

W (Viss) will be

_ Y0 " Vsea 190)

V()= —tee

) 2%,

Here V and o are exfressed in the decitels. We find the rms

value of attenuation factor, usiny the usual rethci:

R - 1,
p’2= (e4_34 (M)) —_ e4v34 {o8) W,V - _ 1 \<
¥ (a6)) P
Soe Y 2t
- 1, (Y196) ™Yz 1560 (e 7 ex 1ass -
‘.4 198) 2 _ 12-4, 348 4,34 B
X j‘ [ 23(36) dv(dé) =

Expressing V?Z in the decitels, we cbtairc

.2
_ ey | 1,
VCP x8(96y 3.68 - ueg {36)
or
VCP. K8 (36) = Vueg (dg).'lf' 0.1150’?06), (113)

For obtaining depencence 72 <¢n the distance vere used the

experimental data (1.1-1.10), oktained by vinter in essence cr thsz
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land routes under conditicas c¢f the mcderate and sutarctic climates,
In the vinter months are c¢cbserved the lovwest values of thes average

signal levels; therefcre precisely these data atout the average

levels after unfavorable gericd are of greatest interest Juring the

design of the troposrheric lines ¢t communicaticns.
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Page 16.

Fig. 1.5a gives the Jdependence of rcot-mean-square values of
attenuaticn factor ., , cn the distance for ¢te cmnidirecticral
antennas, obtained in essence froa work [1.2) fcr three langths of
waves, while in Fig. 1.5t - fcr tbhe directicral antennas with the

angle of directivity cf 19 1,

POCTNOTE !, At the angle of directivity in the future we will
understand the width c¢f tne mainp icbe of radiaticn ¢f antenmna cn the

points of the half pcwer. ENDECCINCTE.

Pige 1.5a and b gives dependence '.,.;» Ect cn the true distance
tetween points d, but frcm so-called equivalent distance . under .,
here is understocod the distance between the pcints cf contact cf the

tangency of the rays of tkte €arth's surface (see Fig. 1.4).

Equivalent distance is determined af*ter the ccnstructicn of
profile, i.e. *the secticm of route in the vertical fplane. In this

case tha ccnstruction c¢f profile 1s conducted taking into acccunt the
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refraction, i.e. it is assumed that equivalent radius of the carth

2. is equal to approximately 85CC km. The intrcducticn of the concegt
of equivalent Aistance rakes 1t gossible simply tc consider *the
altitude effect cf the settiny ug cf antennas. With an increase in
altitude of antennas decreases angle y, and, therefcre, rises sigral
level. The curves of Fig. 1.5t, generally sgeaking, dc nct ccincidse
with the analogous curves of works [1.1; 1.2)]. Ttis is explained, in
the first place, by the fact that Fig. t1.5a ard t gives the rius
values V, but not mediar as ion [1.1; 1.2) and, in the second place,
fact that the account cf losses, asplificaticn [1.1; 1.2] was
conducted inaccurately. The dependence Fig. 1.5k was ccnstructed cn
the base of more precise data akcut the losses cf amplificaticno,
checked experimentally. Translatican of the median levels, obtained by
other authors {1.3-1.1C], was alsc done acccrding tc the specified
data about the losses c¢f antenna gain. As can te seen from Fig. 1.5,
attenuation factor falls from the aistarce expcnentially or, if

is expressed in the deciltels, thben it is possitle tc speak atcut
linecar drop V' ..;s; with the distarnce. Linear attenuation Jdepends cn
wavelength, increasing with the shcrtening ¢f wave. At the frejquency

cf approximately 1000 Ptz iinear weakenirg is 0.075 dE/km.

Figure 1.5a shows that if we consider ccrrecticns for thke losses
cf amplification, then experimental data fcr the worst season have

comparatively small spread, in spite of Jifference in the
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geographical position cf tne investigated rcutes. Thus, the curves

Fig. 1.5a and b possess sutficiently good statistical authenticity.

For the summer, mcst ravcrable time, the dependence on the
distapce somevwhat is changyed. Average value V ,.»3n in this case
sufficiently strongly increases in compariscr with winter gariod,
poreover this increase 1s the greater, the less the distance: {
therefore linear weakenirg ip summer increases.

Fig. 1.6 gives for the ccmparison of dependence V. _,, on the
distance for the winter amd susser periods, ckttained at the frequency
cf approximately 1000 PrHz under ccaditicrs cf the middle strir of trhe

Eurcopean territory of the USSE and thcse ccrverted for the antennas

with the angle of directivity of 19.
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distance: a) for nondirected antenras, a<2°; b) for directed

antennas, a=19,

Key: (7). MNHz. I
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Fage 18.

I It should be noted that the scatter of the exgerimental data apou*
the average levels fcr the summer sonths prcves tc te censiderably
more than for winter perica. The average levels in summer

sufficiently strongly depenu oo climatic and cecgrarphical ccnditions. é

§ 1.3. Dependence of the average signal level on the wvavelength.

Experimental investigaticns showed [1.1; 1,237 that the
dependence of signal level cn tte ftrequency carries randoam chtarac*er.
At different moments cf time the relation of signal level on
different vaves proves tc ne different. The radiaticn of the relaticn
of the average values cf signal level at different frequencies shcved
(1.1] that on the routes 100-.00 «m this relaticn was proportional
»%¥2, With an increase in the distance the slope /transconductance cf
this dependence increases already at the distarces cf 300-4CC km

“:;ewa~%).Tha frequency degendence of the averace sigral levels and its

‘ dependence on the distarce 1t is easy tc see in Fig. 1.S%a and b.
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§ 1.4. Signal fading.

In the case of rerscte trcpcsgheric frcpagation signal level is

subjected to continucus vitraticas. Simultanecusly are cbserved the

rapid fluctuations of level with the frequency, which reaches ten ani

even hundreds of the hertz, and the slower changes in the level whcse
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greatest period is measured Lty acnths.

During the remote tropospaoeric propagaticn it is accapted to
divide fadings into three fcras: 1) rapid €adings whose duration is
less than 5 min, 2) slcws fadings, which are changes in ths five
rinute average valuas cf siygnal during the pericd nct mora %tan 1-3
months and finally 3) seasonal tehavior ¢f the level cf the signal,
which is a change in th¢ average mcnthly (cr wedian in *ha mcnth)
values of signal level. Certainly, the btcundaries between these foras
cf fadings to a aztermined degree are conditicnal. Ecwever, this
division has the specific sutstantiation, since these forms c*¢
fadings are caused by different fphysical causes. Now l=t us rause in

greater detail at each cf these forms of fadings.

Rapid fadings. Under these fadings we uncderstand changes in the
instantaneous values of lavel duraing the pericd of S min. Fig. 1.7a
and b shows the example to the reccrding of tle instantanecus vaiues
of level it drove off co the route 303 kr or the wave 30 cr. In these
figures the angle a indicates ttke width c¢f the radiation pattern of
the antennas (a, - transesitting aotenna, a, - receiving)used. Such
fadings are caused by tte interference of wany waves, re-emitted with
individual hetercgeneities. Since the hetercgeneities ccntinucusly
move in the space of re-emissiacn, then tte rhase cf each of the

incident waves changes sufficieptly rapidly ir the time. Phase




DOC = 80025102 FAGE B7

differences of waves, re-emitted with hetercgeneities, rapidly and

chactically fluctuate. All this leads to the rarid interferencs

signal fading. During tte pericd S min hetercgereities themselves 1o
not manage substantially to chbange; therefore fading characteristics

are almost wholly connected with the interference of waves, caused tv

the motion of heterogercities. *3

It is known [for 1.1} that during the addition cf many waves

o m——

with different amplitude and the random phase, evenly distrituted in

the range from 0 to 2», is cbtained the save whcse amplitude is the

1
i
i

random variable, which cteys the lav Rayleigh distritution. Therefcre
logical to expact that rapid signal fading alsc must ckey the law cf
rayleigh, since, apparently, tne ccnditicn c¢f many cf the incident
vaves and randomnesses cf a change of the phase difference in this
case pust be fulfilled. Accordircg to the Rayleigh law the prctability
density W(q) of value q=E£%;: where E - an ipstantaneous value of
signal amplitude, Ecn,, -~ the rmas value cf asplitude, it is deternined

by the following equality:

W (q) =2ge7""
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Fig. 1.7. Example to sisultanecis recording cf signal frcm receiving
antennas of «,=20° and a,=1%9: a) transmittirg artenna of a,=2(°; b)
transmnitting antenna of a,=19.

Key: (1). s.

Page 22.

Probability that ralaticn 3= pE will te less than value q, it is

~cp. K

determined by the integral functicn of probatility C{g,):
Quui=2 e iy=1l—e ' (1.14)
Plotted function C(g,) 1s given in Fig. 1.8.

Tha experiments, wbich were being carried cut ¢n the routes of
di fferent extent, ¢n difterent waves [1.1; 1.2], shcwed that cn the
average the law of Rayleiyh for tane rapid fadings is fulfilled. Fij.
1.9 for an example gives tue experimental iptegral curve for tae
rapid fadings, ottained cu the rcute with a length cf 303 km at the
frequency cf approxirately 1000 MHz. Curve is averaged for 130 five
minute performances, Ccspariscn with Rayleigh's curve, given in the

came figure, he indicates good ccincidence cf both derendences.
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It should be noted that a gocd coincidence with the Rayleiqgh law
is obtained with the averaging tcr a large ruster of ferfcrmances,

since separate distributions for the five minute perfcrmance can

J sogetimes differ frcr the Eayleigh law.
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Pig. 1.8. Depth of rapid fadings (Fayleigh law).

Key: (1). The percentage o¢r timeé during uhichfﬁf,ois pnore than the

deposited along the axis cf crdipnates value.

Pij. 1.9. Comparison of experimental dependence cf derth of rapid

fadings and Rayleigh law.

Key: (1) . Rayleigh law. (z). experiment. (3). Fercentage of time

during which it is mcre tnan dapcsited along the axis cf ordinatas
value »
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Page 23.

This is connected, perhags, with tbe fact that sometimes five minucte
interval it is insufficiently fcr the manifestation cf statistical

law. This positicn can te, fcr exasple, then when the pericd of racrid
fadings prcves tc be ccapacable with the duraticn of the irterval of

recerding.

Now let us examine how is determined duraticn cr quasi geriod of
rapid fadings. Fcr simplicity let us exarine twc heterogeneities, cne
cf which is located in tte siddle cf the space cf re-emission, and
the second in the extreme laterai angle cf this sgace (Fig. 1.10).
Let the linear dimensicnt c¢f the space of re-emission be equal to L,
then the distance between two these heterogeneities will ke 1,2. A
thase difference tetvweer the waves, scattered bty these
hetercgeneities, A¢ it is zasy to determine frce the gecmetric
relationships:

AQ::KEZ. (1UAY

If the second hetercgeneity mcves relative tc the first

heterogeneity with a velocity of of v along directicn L, then

~ o (L=2)3
ACP—\,IC—-————-M . \1_;,\,’)

Now from (1.16) let us deteramine the tire, for which a rphase
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difference will change tc value Zw». This will be nothing else but the

quasi period of fadings «»:
Ad

T=- (1N

ol

Thus, the quasi period of fadings is prcportional to waveleagth,
it is inversely propcrticnal to the relative rate of hetercgeneities
and to the size of the space cr re-emissicn., Experimental data
confirm this dependence. Actuallysteally, the reriod cf rapid fadingjs
is approximately progcrticnal tc wavelength and it is inversely
preportional to the spaceé ¢t re-egissicn., The first fact is
widely-kncwn as far as pcsitica is copcerned seccnd, then (%

will notbe worthwhile tc¢ stop in mcre d=tail, since usually it is

forgotten.
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Fig. 1.10. Path difference of rays, re-epitted with two different

irregularities.

Fage 24,

The effect of the dimensicns of the space of re-emission on the
reriod of rapid fadings can te seer with the sizultaneous recepticn
of signal on two antenras with the different directivity. Such
experiments were done cr the rovute with a lencth of 303 km crn the
wave of approximately 2C cm. In this case at the transmitting end was
applied the weakly directed antenna with the arplification 22 dB, and
at receiving end the reccrdiny cf signal was ccnducted from tuc
antennas one of which had asplification 45 dE, and the seccnd of 22
dB. In this case average sizes cf the space cf re-emission during +*he
use of the percil-beam antenna were apprcxisately tlree times less
than for the weakly directed antenna. The simultanecus recording cf
signal showed that if c¢p the weakly directed antemna the gJuasi pericd
vas 1.5 s, then in the case when ca the cne hand there was the

rencil-beam antenna, quasi pericd increased tc 4.8 s. When on tha
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same route were applied ¢n bota points the rencil-beam antenras,
quasi period increased tc 5.8 s. An increase in the quasi peried
cccurred approximately as much cnce, in as decreased the linear
dimension of the space c¢f re-emission, which correspends to equality

(1.17) 1 (see Fig. 1.72 and b).

FOOTNOTE !. This phenosencn was cbserved alsc in experiments [1.3],

[1<15]. ENDPOOTNOTE.

Experiments show that witn an increase in the distance the quasi
period of fadings slcwly decreases. With an ircrease in the distancse,
cn one hand, increases 4 in (1.17), on the cther hand, increases 1.
Cne should, hovwever, ccnsider that if we examine rate of change cf a
rhase difference cf hetercgeneities, spread ir the vertical glane,
then we will obtain for the gquasi period apprcximately the same
expression as (1.17), cnly quasi period will te, furthermore, it is
inversely proporticnal tc¢ geccentric angle ¢, Py an increase in the

geocentric angle is exglained decrease r vwith the distance.

Slow signal fading. As has already Lteen spcken, under the slow
fadings usually is understcod tbe change in the time cf the five
minute average values cf sigpal level. The effect of interference
fadings on changes in the five aminute average values vi:éually is

absent, since the maxisus period of interfererce fadings is measure]
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by seconds or by tens c¢f seconds. Therefcre slcw fadings have other

entirely nature 2.

FOCTNOTE 2. Sometimes tie period cf averaging is selected somewhat
greater (tc 1 hour), which, as it zeems to us, is inexpedient, since
ctherwvise it would be necessary tc additionally investigate the
statistical characteristics ci signal in the limits cf each hcur. The
distributions of the irstantanecus values of level per hour dc not
already frequently obey the law cf Rayleigh, since fcr this large
interval strongly are clkenged hetercgeneities themselves and,
therefore, are changed tte asplitudes of the interfering waves.

ENDFOOTNOTE.

As already mentioned akcve, during the fperiod of time S min cf
the hetarogeneities, arranged in the space c¢f re-emission, they do
not manage strongly to change; therefore the applitudes of .te

interfering vaves also chaage iittle.

Page 25.

Under such conditions the average value cf the square of wave
amplitude E2=E2 during the fericd & min will te equal to the sum of

the squares of the asplitudes ot anterfering waves
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vhere £, - amplitude the m-tn ccapcnents. Charges ip values €&, which
we call slow fadings, are caused, as is evidert from (1.18), by
change in the tispe of the amplitudes of interfering waves £,
Amplitude change with tte m tetercgeneity cf wave £, reflected is
ccnnected with a change in the dimensions, fcrz and increment A& in
this heterogeneity. lLet us iantrcduce new randcr variable 6:

3, (1.19)

o
e

vhere E2 - an average value c¢f &2 during the large fericd of

cbservaticns. Relative value cf level changes will te

=1+

g
| o

After taking the logaritham this equality, we will ottain

ln%:in(l;— _?_).

s

Expanding in the expcnential series,/row, we will have

lﬂ—_—‘—‘—z_‘-—(_:_\"-‘—‘l—f:-\x_'i\ o .
=% |5 75 (\3) (1.20)
since

shere

= Y /! s 3 2 ‘
TS
m

Values 5, are not depended frcam each other, since are changes in
the wave asplitudes, reflected ty the individual heterogeneities,

isclated from each other. Acccrding to the lirit thecres of Lyapunov
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the sum of independent randce quantities has ncrmal distriktution
under the conditicn for existence cf mathematical expectation and

dispersion of each of tkte teras.

Fage 26.

This condition in our case 1s ctserved; therefcre random variabls

.':;—%:ﬂ must be subordipnated toc normal law, ard -é%— - to lccarithric
normal law, Thus, slcw fadings must be subordinated to logarithmic

normal law. The dispersicn cf these fadirgs

as can be seen from (1.21), it 1is determined ty a numkter of
components @ and by a law cf amplitude distrituticn of each cf the

components.

Experiments show that slov fadings are actually sutordirated *c
logarithmic ncrmal law. Fige. 1.11 fcr an exasple gives the integral
distributions of the five minute average values of attenuaticn factor
V fer the routes in extent 303, dJut and 630 kr [1.2] cn the wave cf
approximately 30 cm, cttained ir winter and suvrecer time during the
large pariod cf cbservaticn. On the axis of the abscissas Fig. 1.11
is used the scale, which corresgonds to rorsal law, and along the
axis of ordinates value V is depcsited ir *+he decibels; therefore

logarithmic normal law with the selected scales will te representel
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in PFig. 1,71 straight irclined line. It is casy to see from tle
figure that for all distances tke integral curves are sutordinated *o
the approximately locgaritamac ncrmal law whcse dispersicn is changed
with the distance. Divergeuces frcs the logarithmic ncrmal law are
cbserved only in summer for the hiyh levels c¢f the signal when in <he
small percentage of tirze integral curve differs fros lcgarittrmic

normal law toward an ircrease ir the prctability cf high levels.
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Fig. 1.11, Distribution c¢f the five-minute mean values of attenuaticn

factor on different routes into the differert seasons of ysar cn wave

cf 30 can for the antennas witn the angle of directivity of 19,

Rey: (1) . Winter. (2). Summer. (3). Percentage cf time durinc whickh

is more than deposited alcny tte axis cf crdinates value.

Page 27.

| Thus,

1 use only value - standerd deviatico o.

for the characteristic cf slow fadings it is pcssitle *¢

It is vusvally accepted to
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express value ¢ in the decibels. Value o it is easy to deterrine frcao
the experimental integral aistribution curves cf the levels (see Fig.

&
1.1, after taking a difference in values VY fecr S0o0/0 and for f

66}

84cs0 of time: ;
Tg0r = Vg6 00 — Ve sin ).

FOCTNOTE !, This equality directly follows frcm the expressicr fcrc

the normal law of randc¢s numker distributicn in the integral forao.

ENDFOOTNOTE.

If value ¢ depended cnly cn distance, then fecr the practical
targets would be on *he tasis ¢t experimental data tc sufficiently
construct the dependence o ¢cn the cistance as this dcne in wcrks
{1.1, 1.2] and use it in all cof the case for determining the depth cf
slow fadings. However, experiments show that ¢ tc a ccnsideratle
degree depends also c¢cn artenpa directivity. Therefore during the use
cf experimental data atcut tte depth of slcw fadings it is necessary

to consider the directivity cf the antenrnas used.

Let us examine in mcre detail a questicn atout the effect of
antenna directivity cn the depth ¢f slovw fadirgs. With an increase in
the antenna directivity is deccreased the space cf re-emission. With
the pencil-beam antennas the ancular dimensicrs cf the space ¢f
re-emission are wholly determined ky the angles of antenna

directivity.

)
i
i
;
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As ve already spcke, o in the case ¢of slcw fadings derernds <n a
numkter of reemitters, i.e. on Mach number (1.z1). But a number of
heteroganeities, which fparticipate in the re-emissicn of energy, i.e.
Yach number, depends or tane value cf the space ¢f re-emissicr, and
also, therefore, on antenna fpattern. Thus, ¢ 2lsc must depend on

antenna directivity.

Let us mentally break the space of re-erissicn a into n cf equal
rarts ., each of which has dimensions consideratly mcre than the
dimensions of individual hetercgemeities. Let us change now the crder
of the addition of the waves, arriving from the space of re-emission,
why the result of additicn, of course, will nct change. We will
initially suammarize the waves, which arrive frcam space ., then let us
accumulate n of the sigrals, waich correspond tc each of spaces :, As
a result of the additicn cf the waves, arrivirg froo space ., and
averaqing in the five mipute interval, we will cttain signal 3. whose
random changes are subcrdinated tc logarithwic ncrmal law. Let the
standard deviation in this case Lte o5. The sigral, arriving frcam
entire space of re-emissicn &, alsc is subcrdinated, as we already

explained, to logarithmic normal law. This signal can be found, by

adding n ¢f random variatlies :

sn-.

UII ’
.04

R YA AR AR € rm T B

P PN PSP SR Ve AT
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Fage 28.

As is known, during the addition of randc¢m variatles
mathematical expectaticn or average value cf sum is egual to the sunm
cf the average values c¢r terwms. Iben relates alsc tc the disgpersicrs.
The dispersion of sum is equal to the sum of the dispersicns cf the

ternms. A
Y —
4}\'5‘“

}

Unl

o
‘

u-:|

uir

e

< 2.
— I~
- "Z 91 ne

We assume that all n compcnent have the identical average
values and identical dispersions 1in view of the equality spaces a-..
After using these relaticanshifps, it is pcssitle tc find standard

deviation o for value 1lp &:

- ; 2 AR

G=in,— e —a—1, (1.22)
a2\ 7.

wvhere g, -~ standard deviaticp fcr ng, Expressing ¢, as usual, in

decibels we will obtain the eguality

o2
,- / XA
o 73
—n—1

(1.23)
when - 75 | as can Le seen from (1.z3), expanding expcnential
and logarithmic functicts in series and leavirg the first term of
expansion, we will okttain
5 = O asy (24
This is equality ccrrectly apgroximately as long as value : ;5 .-

dB. Thus, the distersicn of slcw fadings are sraller, the

greater the space of re-ewmissicn (pumber n). The sharper/mcre acute
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the antenna radiation rattern, the less the space of re-emissicn and
the greater o, i.e., is mcre tae depth of slcw fadincs. This pcsiticer
was checked experimentally cn the route witt a length of 303 km at
the frequency of apprcxigately 10C(C MHz. At the transmitting 2nd was
applied the weakly directed antenna with the arplification 22 43, and
reception was conducted Ifrcs twc artennas one ¢f which had
amplification 45 4B and widch ot radiaticn pattern cf approxizately
19 (according to the halt rcwer), and the seccnd was that weakly
directed with the amplification into 22 dB and width of diagram of
209, The prolonged simvlitanecus recording of signal level frcm these
antennas showed that the depta of slovw fadings cn the weaxly directed
antenna was considerably less titan with the recegticn/procedure frca
the pencil-beam antenna. Pig. 1.12 gives the integral distritution
curves of the value cf attenuation factor fcr the highly directicnal
and weakly directed receivirg attepnas. As we already spoke, the
value of the space of re-apissicn in this case was changed ugcn

transfer frcm one antenna tc ancther approximately fcur tises (n=4).

Page 29.

It is not difficult to see frcm Fig. 1.12 that in the case cf the
directional antenna ¢,=€& dB, and 1pn the case cf the comnidirectional
antenna ¢,=5 dB. Thus, the relaticpship tetween ¢y and o,

corresponded approximately to equality (1.23}. This ecuality gives
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for 4,=8 dB and n=4 the value cf of=U4.7 4B 1.

POCTNOTE !, In the wecrk cf Crawford [1.3) are also given the
experimental data akcut the effect cf antenpa directivity cn the
depth of slow fadings wticn ccincide approxigately with data given

abcve. ENDFGCTNOTE,

In summary, knowing, in hcw often decrease the srace of
re-emission upon transfer frcm the less directicnal antenna toward
the antenna that of more directed can be defined along (1.23) and
{1.24), as will increacse standard deviation e. Therefere, it is
possible tc lead the exfperimental data atout the dispersion cf slcw
fadings to the case of tke csnidirectional antennas. Fig. 1.13 gives
the dependence of stancdard deviation ¢ from the distance for the case
when cn beth ccecrrespenditcg pcints are used tkcse weakly directed
antennas with the angle ¢f directivity are rcre than 2z°, This
dependence is constructed according to the exgerimental data cf works
[1.1; 1.2], corrected taking intc account applied in these
experiments antennas. In order to obtain data fer other antennas, 1t

is necessary to use equality (l1.23) or (1.24).

In this case standard deviaticn for the directional antennas
will be 5., anl as o, i=s understccae the value c¢f standard deviation

for the ornidirectional antennase.
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! Jeterszining s, frcam (1.23) and (1.24), we cttain

(it

b N T

B ,\\W -

S P

Fig. 1.12. Comparison ct the depth of slcw fadings in the case cf
reception to that directed (G=u4S dB, curve 1) and not dir=acted of
antenna (G=22 d8B, curve ¢). Wave A=30 ce. Trarsmitting antenra with

the agplification 22 4E. Bcute - 3C3 km.

Key: (1) . dB. (2). Percentage ot time dutring which V are acre than

depositad along the axis ¢f crdinates value.
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In this case value n in that case will ke the ratio of the size
of the space of re-emissicn with canidirecticral antennas - to the
space of re-emission with directional antennas a..

n= a—a (1.25)

When on both corresgcnding pcints are applied identical
antennas, which almost always occurs, as it will ke shown intc § 5,
relation n can be determined, if are known the angles of antenna
directivity in horizcntal and vertical planes ..., and :, and the
angular dimensions of the space of re-emissicn in hcrizontal and
vertical planes ., ard 9,,, 1n the case of use on Loth pcints cf the
identical antennas , ‘ R

A N N T E (1.28)

If are applied different arteonas, ther

Lal
-40

. - - 1 o —————

oy SV L / ay / \ -4 .

_— R ’ 1_,.},_"1\ l/ 1 .. 11.26a)
N \ 'a‘\)/‘ 323 wnu

Here: =, - the angle of directivity in the vertical plane cf cne
antenna; ~«;, = the same, tut for ancther antenna, ... - the srallest
angle of directivity in the horizcntal plane cf two angles (in the

case of use on the route of different antennas).
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Fig. 1.13. Experimental dependence of the standard deviaticn o of
slcw fadings for the artennas, sith a=1°%, and fcr owmnidirecticnal

antennas (a>29).

Rey: (%) dB. (2). Antennas. (3)} Weakly directed antennas, ad>Zz°.

Page 31,

According to experiments ©., ~|7> whbile 9.,=~!° (see § 1.5). Derendence
9o Oon the distance for the weakly directed antennas when «,,>3° and
oo>2°, obtained experimentally, is given to Fig¢. 1.13 together in by
dependence of o for percil-team antennas (zs,~a,,=a=1°). Let us ncte
that these dependences are ccanstructed, generally speaking, according
to the experimental data, ottained in essence on the wmaves 3C-40 cn.
However, judging by the series cf cther experimental vworks

{1.3-1.10), this dependecrce, aprarently, is justified over a wide

range of frequencies,
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Until now, the discussicn dealt wit}t one fundamental reascn fer

slow fadings,

intensity and dimensicps of hetercgeneities in the space cf

re-emission.
for exanmple,

change angle

the signal level. A charce of the refractior in the layer of the

atmosphere thickness ttan 1-2 ks is small, yes even the dependence of #

signal level
difficult to
are small in

Experimental

EAGE 66

connected with the change in the time cf the fcrm of

There are cther reascns for slcw changes in the level,
change in tte time of refracticn, thanks to which must

Yo (see Fig. 1.4), which, in turre, leads to a ctange in

on the refracticn comparatively vweak; therefore it is

expect the essential tluctuaticns cf signal level which

comparison with the fundamertal form of fadings.

data confirs this pcsition. The fact is that the

refractive index, which characterizes the degree cf wave refracticr,
has distinct daily variaticn with the maximur intc the evening and
night hours. At the sare tise experiments [1.1; 1.2] do not detect
any essential daily variaticn of signal level during the remcte
tropospheric propagaticrc. Furtherscre, if, refracticn fadings played
the significant role, tten it wculd not te chserved this strong
effect of antenna directivity on the depth cf fadings, since with tte
refraction fadings their degth dces nct depend cn actenna

directivity.
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Another reason for slow fadiays are slcw changes in the time cf
the characteristics c¢f hetercgeneities sisultanecusly in entire stace
cf the re-emissions which can occuor due to a change in the wveather
conditions. Such synchronous changes really are cbserved, for
example, with the passage of the fromnts c¢f wsare cr ccld air, causing
noticeable decrease cr raising sigpal level. These fluctuaticmns of
level superimpose the specific iapression tc¢ the general statistics
of slow fadings. Bspecially large role such fadings play in the
favorable months of the year when the average signal level is high.
Under the unfavorable ccnditicns when the averace signal levels are
low, effect of this tyre of fadirgs becoses srall. As ccnfirmation
this serves the fact of the sharp effect of artenna directivity on
the depth of slow fadings in particular in the unfavcrakle period cf
year. Since greatest irterest fcr us are of tte data abcut the
fadings precisely in ttis seascr, then fadings cf the type examined

can be disregarded.
page 32.

In conclusion let us present the integral distritution curves cf
slov fadings for different values o+ which can prcve useful for the
stability analyses of the wcrk cf troposgheric lines. On curves cf
Pig, 1.14 these distrituticns are constructed fcr values UV 1,

Yip an

vhere "  , - rm®s value cf attenuation factor. We resemble the crder
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of the determination ¢t the depth ¢f slcw fadings.

FOOTNOTE !, The depth of fadings is determined with respect tc raus
value '.>«. therefore thke aedian values V ip Fig. 1.4 dc not coincide

with zero. ENDFOOTNO1E.

Cn curve Pig. 1.13 is determined value o4, for the ocwsnidirecticnal .
antennas, then accordirg tc forsuyla (1.2€6) is determined valve n,
also, according to formulas [ 1.23a) or (1.24a) is determined value
s. for the directicnal artennas. Finally, on curves of Fig. 1.14 is

determined the depth of fadings fcr the specific percentage c¢f time.

Seasonal behavior cf signal level. The average monthly value cf
the strength of field sufficiently considerally depends on tke seascn
of year. The lowest signal levels are observed ty winter and most
bigh in summer. On Fig. 1. 15 for ar example is given seasonal
tehavior of attenuaticn factcr fcr the ultrashort waves on the route
vith the length of 270 ka [1.1; 1.2], which p2sses aktove Caspian Sea.
A maximum change in the average monthly values frcm the winter tc
sugmer composes at the distances cf 200-300 ka cof approximately 12-15
dB. the spread of seascral changes decreases with apn increase in tte
distance and at a distarce ctf 6(C-700 km beccres different
apgroximately 7-8 dB. TLkis it is pcssikble tc see at least frca Fig.
1. 11, vhere are givan the ictegyral distrituticns V fcr different

distances to susmer and sinter geriods.




poC = 80025103 EAGE 02

T \\\‘\ '

N
\‘\C\\E

pe et e

LR pm——

Pig. 1.14. Logarithmic ncrmal distgibuticno V/¥2 with different ones

N \Y
¢, Rey: <l). Percentage cf time durirg which ST is rcre than

deposited along the axis cf crdinates value.

Page 33.

Seasonal changes in the signal level are conrected with seascnal

changes in the structure of the heterogeneities of the atacsptere. Ir
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summer the intensity of heterogeneities, i.e., value ::-, noticeably
increases due tc an increase in the temperature gradients andé mairly
due to an increase of tte rcle c¢f air huzidity in the fcrmaticn c¢f

hetercgeneities v«

§ 1.5. Losses of antenra gain.

In the first and seccnd paragraphs cf this chapter has already
been discussed the fact that the average value c¢f attenuaticr factcr
Vpns depends on the dirersicns c¢f the space cf re-emission a', which
is evident at least froas equality (1.6). The greater the dimersicn cf
the space of re-emissicr, tne greater the hetercgeneities, which
rarticipate with the re-emissicr cf energy, the greater the value of

attenuaticn factor r2 ,

<p. KR

But in the case of the rencil-beam antenras the value cf the
space of re-emission is determined by antenna directivity, sc that
vwith an increase in the directivity, i.e., with the decrease cf the
angle of directivity ¢f antennas a, the srace cf re-emission a°’
decreases. Thus, from an increase in the anterna directivity

attenuaticn facter falles.
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FPig. 1.15. Seasonal kbehavior V fcr sea rcute with a length of 270 km.
In the curves are noted the percentages cf time, during whick v
exceeded the level, noteo ir the curve. Curved tS0-percent corresgonds

to median level.

Key: (1) 4dB. (2) year. (3). Jan. (4). Fet. (S). March. (6). Agr. (7).
May. (8). June. {9). July. (10). Avge (11 . Sept. (12). OCI. (13).

Nov. (14). Occ.
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Consequently, with an increase cf the antenna gain the power cf the

signal in the place cf recepticr will not increase grecpcrticral tc an

increase in the antenna cain. AD increase in the signal will lay

A i A g o e AR 1t SAMTAS R M i
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behind an increase in the antenna gyain. This phencwencn accerted to
call the losses of the agplificaticn cf antenras. Although this name

and dces not reflect the essence of phencmencn itself, we it apply in

view of the taking root traditicm. In fact, nc lcsses of anterna gain
there exists actually, Lut ttere is orly a degendence of attenuaticn
factor on the directivity of antennas (drop ir VZ with an increase in

the directivity).

The losses cf amplificatior J,. accordirg tc determinaticn are

€gual to: -

where V, - ap attenuaticn tactcr fcr the ompidirectional antennas,

and ., - attenuaticn factor fcr the directicpal antennas. As has

Al

already been spoken, Vi =cz; and “=c2,, where c - constant, 43r - the
ef fective space of re-emissicn in the case cf the ocmnidirecticnal
antennas and u, - the effactive space of re-emission fcr the

directional antennas; therefore

: , ! .
e = = — (1.28)

.The geometric dimersicns cf tropospheric space 2. can be
determined frcm the exrerimental data abcut tte angqular
characteristics of the tiopcsgheric field (see € 16). The comparison
cf the average signal levels, taken from the sgaced on the angle
antennas during the large period of observaticns, makes it pcssitle

to obtain the dependence cf tbe level of sigral ¥ cr azimuthal angle
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3. and on the angle cf elevation ©Os , Such degendences wvere cktained
for the series of the rcutes (see § 1.6). Degfendences ' 2. and i 9,

can be approximated with the aid cf the follcwing functions:

el
%= ! (1.29)
|
|

i

When 5. =-4, and «.=—-9. wa%)=flfuiq=-j,1hus, -. and &, -

effective width and altitude of space, determined on the decay power
of signal two times. Tte results ¢f experiments, given in § 1.6, and
also experiments in the seasuresent of tte fluctuations of angles of
arrival (see, for examgle [1.1; 1.13; 1.17, 1.18]) give values

Gy, =1L

3

and O.,=1°
Fage 35,

In the case of apgrlying the pencil-team antennas the anqular
dimensions of the space ¢f re-emission <. will te determined ty the
antenna radiation pattercs. It is possible tc arproximate these

diagrams with the aid ct the furctions:

-t 39{—). —1.3;(:\):
f(ln)—e A 11 , /(1)_e .':H' ‘\1.30)
This approximation usually will agree well with real directional

characteristic of antennas. Here a,, and z, - angles cf antenra

directivity in the vertical and hcrizontal planes.
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In the case of the directicpnal anteona the dependence cf signal
level on angles us and « will te determined, cn ¢ne hand, by angular
charactaeristics (1.29), ccanecteéd with the prcperties of the
heterogeneities of the tropcsphere, and, on the cther hand, Lty the
angular characteristics cf antepnas (1.3C). Cerendences V{z, and
V(as) will be equal tc¢ prcduct: (1.29) to (1.3C). Thus,

l' ﬂ‘f
o

—139[-‘,—‘\} -

V (a,) =e

ol
V(a:l_)_e—l 39[ ]

These dependences can te rewritten as follows:

Ve e-n.as (—;:_)’ l

(._,,}. (1.31)
—1.39 { -
V(’xr)—e ’.-) J
where
b —_ 850180
L ]
V 3201-3
and 5
B =
V st o

are effective anqular wvidth and height of space re-emissions in the
case of the directional antennas. Adow let us switch over tc tte

determination of the lcsses cf asgplificaticos §,, which according tc
(1.28) are equal to the ratic of antenna volusme 2a to tropostheric

space dr.

Page 136.
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Por the case of identical antennas on both gpcints frcm the gecmetric
relationships it is not difticult to cbtain:

2, =0 5452-
and

d, = 39,592,
vhere ¢, and c, - constants. Taking into acccerrt that the fact that
the angular dependences V{a) ané :i» are defined by the functicns cf
cne form (1.28) and (1.31), apnd also in view ¢f the fact that
distance from both ccrresgonding gcints to the center of the space cf
re-emission -. approxirately the same, as t¢ the center of srace

ve will ottain c4=¢,.

In that case, substijtuting the value ... apd < in (1.28), we
vill have 3 s
Dye =~ ‘*j )
(‘m*-";.\
Substituting the value ;. and . into the latter equality, ve

vill oktain

[E P

v1~I IL/ :—,—if

\Xgy

when ., »w,, and . X9~ the losses of asplificaticn are atsent.

when .. &+, and . €< . when lcsses are creat,
AR R U (1.33)
‘ bt (o]

Au To
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Exprassing °,,. in (1.32) in the decibels, we will cbtain
. ~ - (ST
L A U S, TR A P 1.2%)
s EL Ly " [ ~::)"_1 k

With the pencil-beam antennas

o '.'J'_g(i“—‘, (1.33)

p
) :
L8 L 20 : . i
e A

If on the transmitting and receiving pcints are applied

different antennas with the angles of directivity ~ . : and :. i,

then formula (1.34) will take ttie fcra

~

/BN
f=20

= - T EY
P A —Bigrt 0 T8 T
> T ! I ‘Tu)uuu) .
. s s et : c
- " cA N T \ -
-—:;q'l-~"—“—"«, | (1.3¢)
t N Fu0/ _1‘
cr for the pencil-beam artennas
RNV E R R R (1.37)
O — = -
M/ Nt \ o
If one antenna nct directed, ther
ol 1:,\.
=g 22 e tgf
\ Pao . P
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Transition from one directional antenna tcward two directional
antennas gives the additicn in the losses cf asplification crly tc

value /z@> ay
el

.3=IO@(——

\ Ya0

Therefore it cannct be ccnsidered that tte lcsses cf
amplification in the case cf apprlying twc directicnal antennas are

equal to the sum of the l¢sses cf.amplificaticn fcr each of the

antennas. In reality the losses of the asplification cf one artenna
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differ only a little (tc value 4) from the lcsses of the

amplification of systews cf twc aantennas.

Furthermore, in the measureaent of the l¢sses cf antenna gair,
vhich is usually ccncéucted Lty tke ccmgariscn ¢f two signals, accep+ed
from highly directional and weakly directed artennas. one shculd
consider the directivity cf the transmitting antemna which, as a

rule, is nct done.

The relationshifp Ltetween the losses of the arplificaticn of cre
antenna and the losses cf the asplificaticn c¢f twc antennas was
checked experimentally ¢p the rcute 303 km at freguencies cf 800-1000
MHz. Experiments showed that the equality given atove for A is
justified experimentally. On the rcute 3C3 ks cf the loss of the
amplification of the directicnal receivirg arterna with g=a,,=1° and
the omnidirectional transmitting antenna vere 4 dE, and the lcsses cf
the amsplification of the system cf two such artennas - 6 dB. Taking
into account that 6,,=1,7° (see data § 1.6), fcrmula (1.38) give A=2.3
dB, which corresponds tc experigent. Pror this ccnclusicn fcllows
practical the conclusior that cr the troposgheric lines of
communications to disadvantageousliy apply different antennas cn the

receiving and transmitters, since the losses c¢f amplification in

essence will be determined Lty the sost directed antenna.




poc = 80025103 EAGE 7,

As shoved the experimects (see § 1.6), S,,=:7"° and v.,=." Using
formulas (1.34), (1.35) (1.3€) and substitutirg in them these values
Q0 and ©, it is easy tc calculate the losses cf asrlificaticn fcr
any antennas. For example, fcr the syster of identical symmetrical
anptennas 'z,=1,,=1) ¥We calculated according tc¢ fcrmula (1.34) the
dependence of the losses of amplitication §.. first cn a, and then,
since a is determined tte¢ antenra gain, ccnstructed the dependence cf
losses amplifications § ,, cn the value of tte antenna gain (cutve 1
on Pig., 1.16). The same figure gives the experimental dependence
{(curve 2), ottained inm wcrk [1.14]. Furtherscre, are given tke
experimental pcints, ottained or the route 3C2 km with the artennas
shich have a=¢,,=1° and (.79. As can be seen frcs Fig. 1.16,
experimental data confirs cbtained in this secticn degendence cf the
losses of amplification ca their directivity. In the confirmatiorn cft
this dependence it is pcssible, furthermcre, tc refer even tc the
series of exreriments, As an exasple let us give the results cf the
experiences of Crawfcrd shich were conducted c¢n the rcute 273 km at
the frequency of 411C MHz [1.3]. Ic these experisents on one cf the
ends of the route was apglied the antenna bty éirectivity cf 1.8° ard
at other end - antenna with the amgle of directivity of 2.2° and

0.339,

Fage 138.
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According to the observaticns of Crawford the expansion of radiaticn
pattern was apprcximately 19, i.e€., the anqular dimensicns of the
space of re-emission comprised 9;,=9,=1°. Acccrding tc (1.136) the
losses of amplification had tc ke &€ dB. Cn the measurements ct
Crawford the losses cf agplificaticn prcved tc te =aqual to
apgroximately 5.7 dB. As the ccrfirmaticn of the derived
relationships can serve alsc experiments which wers ccnducted on the
route 303 km at the frequency of agproximately 1C00 MHz in the
central band cf the Furcjean territcry of the uvnicn where were
applied antennas with tte angle ¢f directivity of 19 in both rlanes
and antennas weakly directed with the angle cf diractivity of 20°.
When from both sides were applied the omnidirecticnal artennas, tte
space of re-emission was detersined by pillar ty the prcperties of
the hetercgeneities of the atmosphere. Its angular dimensions
according to the measurenents, which were being carried out cn this
route, comprise aprrcxisately 9,,=1!7°, 8,=1°> Upcn transfer tc the
directional antennas the space decreased alsc according to (1.34) the
losses of amplification sust te 6=9.4 dB. Exgerimental measurements
cf the losses of the argplification of distapce 6=8 4B. The sase
result gives the compariscn of calculaticn with the results ct
experiment on the route 300 ks at the frequercy cf 2120 MHz cf that

carrying out in Japan {1.16].

As can be seen froa equalities (1.34)-(1.36), the losses of
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amplification depend onrly c¢p the relative angular dimensicns cf the
space of re-emission. If the ancular dimensicrs cf the space cf

re~eaission in the case c¢f canidirectional antennas :9.. 9} dc¢ nct

depend on distance, then the lcsses of asplification must not change

with the distance.
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fig 1.16. Dependence cf the losses of the asplificaticn of the systen

of antennas on the amglificaticr cif each arterna.

Key: (1). Losses of the asplification of twc antennas, dB. (2).

Mmplification of each artenmna, dB.

Page 39.

Angular dimensions 3., o). judging according to the experimental data
about the angles of arrival and cther characteristics of the signal
(see § 1.6), either they dc nct defend on distance cr fall frco the
distance, what they indicate, fcr exanmple, experiments [1.8].
Approximately it is pcssible tc ccunt value & cf that nct depending

cn the distance. Purthersore, as show exferigsents and as is evident
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from expressions (1.34)-(1.36), the losses cf asgplificaticn dc nct
derend on vavelength. As can ke seen fros (1.34), (1.36), on the
losses of amplificaticn great effect exerts artenna directivity in
the vertical plane; therefore from the pcint cf view cf the decrease
of the losses of antenna gaain t¢ mcre favoraltly have the spaller
angle of directivity ir tke borizcntal plane and larger in the

vertical rlane.

Now let us pause at the question, tc which usually is nct turned
the attention, althougl it btas the vital ispcrtance duvring the
determination of the lcsses c¢cf asplification. Discussion deals the
fact that, strictly, tc understand under this term. Above we defirned
it as the r=alaticn of ttke rus values cf attertaticn factor fcr the
directional and omnidirecticnal aotennas. But frequently under the
tern of the loss of amrplificaticn is understccd a difference in the
sedian values of the attenuaticn factcr, exgpressed in the decitels,

A =20gV, —20igV,, (1.39)
wvhere |/, - an attenuaticn factor tcr the omnidirectional anteona, I,

- attenuation factcer fcr the directional anterna.

In the majority of the wcrks, dedicated tc the determination of
the lcsses of antenna gain, under this term (fcr example, [1.14;
1.15)) is understood value \, Eut this value cannot characterize

energy loss. The energy lcsses cf random varieatle V can te

R p——
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characterized only by a change in the rms value cf this value.
Meanvhile values ) ard Sycws cn the whcle differ radically frce

each other:

= 10ig (1.40)

< tJl

— 10lg

5

3
ye (36)

It is not difficult tc show aralcgously tcw was cbtained

exrression (1.13), that in the case of the lccarithzic noraal law:
0igV, = 101g V3 —0,11563, (1.4
0igV, = 10ig V2 —0,115¢2, (1.42)

where ¢5 and 5. - the standard deviations of slcw fadings for the

cmnidirectional and directional antennas resgectively, expressed in
the decibels. Substituting the value 201gV, am@ 20igV, frca (1.41),
{1.42) in (1.39), we cttain
Ao = S an T 0115002 4 — 02 ). © (143
Thus, value Ale is ccnpected not only with the value cf the real
losses of amplificatior &6, but alsc with a change in the depth cf
fadings urcn transfer froa the cmnidirectional antenna toward that

directed.

Fage 40.

As it was shown earlier, this change is sufficiently considerable.

Therefore value )\ '. prcves to be consideratly scre than the true

56}
losses of amplificatior. In suazary value Y . is not the value of the
true losses of antenna gain apd is inconveniert fcr the practical

calculaticns, since it depends c¢cn the depth cf slcv fadings.
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Thus, the account ¢f the lcsses of amplificaticn can be
conducted only accordin¢ tc fcraulas (1.34), (1.3%) cr (1.36). Due to
the phencrenon of the lcsses of antenna cain rss value V..., fcr the
directional antennas gprcves tc Le less than fcr the cmnidirecticnal
antennas. Let us note that dependence ' . ., cn the distance (Fig.
1.5a, 1.5b) is ccnstructed according to the experimental data which
vere obtained with the antennas cf different directivity.
Pxperimental values '’ ... Beasured sith the directional antennas for
cbtaining the dependence Fig. 1.Sa, were reccunted by us to the case
cf the omnidirectional artennas with the aid c¢f the procedure givern
above, Por obtaining tte dependence 1.5b these data were reccunted to
the case of antennas with the apgle of directivity cf 19. It should
ke noted that as a result of this translaticn, which considers
directivities of antenras, scatter cf the exprerimental values of

attenuaticn factor it decreased. In many experiments regarding the

losses of antenna gain was pot considered the directivity of the
transmitting antenna. In view of tbese deficiencies such data about
the losses of amplificaticn proved to be in rany resrects
contradictory and inexplicable. The account cf the effect of the
directivity of the trarssxitting antenna pade it pcssible to cttain

the reliatle experimental data atout the losses cf artenna gain.
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§ 1.6. Determination cf the angular dimensicns ¢f the tropostheric
space of re-emissicn and optimuz fcrm of the antenna radiaticn

ratterns.

The losses of antenpa gain, apd alsc the depth of slow fadings
they will te lower, greater the greater the rart cf the tropcspheric
space of re-emission .- is utilized for the re-emissicn, i.e., the

nearer the form of antenna space =, to the trcpospheric space cf

re-emission - Prom am €pnergy pcint of view t¢ wmcre favecrably utilize

antennas of the large aaplificaticc when u. ¢ In this case we nmust
te subdued with the fact that will be observeé a phencmencn cf the
losses of amplificatiocr, aomd alsc an increace in the depth of slow
fadings. Hcwever, that ard anctker it is possitle tc reduce tc a
pinimum with the aid of the ratiocnal selecticr cf the antenna

radiation pattern.

As we already spoke [tbis is evident frcs the fcrmula (1.33)),
the greatest losses cf artenna cairp cause the centracticn of
radiation pattern in the vertical plame, sipce °. .~2; in herizental
rlane ‘.. ~.; Therefcre t¢ mcre favcrably arrly the artennas cf

different directivity ip different planes.

Eage 41.
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It is most pgrofitable ar angle ¢f directivity in the vertical plane

to bhave to the equal angular diszemnsions cf the tropcsrheric space of
re~emission. Then the lcsses of agplificaticn and increase o+ due tc
the decrease of space in the vertical plane alpcst will not te. Fcr
obtaining the necessary aaplification it is pcssible to increase

antenna directivity in the hcrizontal rlane. In that case of antenna

they will have directivity im the horizontal plape more than in the
vertical. Such asymmetric antennas will have consideratly smaller ¢
lossas of aaplificatior, and value ¢ for the slcw fadings will be
substantially less. All this is directly evident frcm equalities

(1.23), (1.24), (1.26), (1.38).

Thus, for the correct design ¢f antennas are necessary the data
about the angular dimensicns c¢f the tropcsgheric space of
re-amission. Por obtaining such data on routes in extent 270, 303 and
630 km vwere made special measurements. Or cne cf the points was
applied weakly directeé antenpa u,,=z;,>2° while ¢n cther roint -
rencil-bean antenna 4,,=n.,=07° (co rLoutes 270 and 302 km) and
taw=2-=1° (on the route 630 k»). The pencil-Leam antennas rotated
vithin limits of 3° on the vertical line and ty 29 cn the hcrizontal.
Measurements ccnsisted in the ccntinucus reccrding cf signal level

during 3 =2in on each fiied antenra positicn. The distance between the

fixed levels was 0.49, First was removed radiaticn pattern on the

vartical line, and ther cn the bhcrizontal. The value cf signal level
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vas averaged in every 3 pin. Fig. 1.17 gives the diaqrams in the
vertical plane for three routes (1 - route 63C knm, 2@270 ke, 1—&!03
km), obtained as a result of averagying ir a large quahtity of
performances of the measuresents (several hurdred), which were being

carried out into different seascns of year.
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Fig. 1.17. Experimental diagraa of re-eaissicr in the vertical plane

vith the weakly directed transaitting antenna.

Key: (1) 4B, relative tc maximua. (2). Rctaticn of antenna dcwn. (3).

Fotation cf antenna ugpward.

Fage 42,

On the route 270 km the measurements were ccnéucted cnly in sgring

and in summer. Prom Fig. 1.17 it is evident that the angular
dimension of tropospheric space ccaposes apfrrcximately 1.7° for all
routes. The angular disersicn of tropospheric space in the hecrizental
Flane on the same measuresents was abcut 1°. Npersicn wve define, as
it is accerpted, on decay io the gcwer of sigral two times. The

vertical dimensicn of the tropospheric sface cf re-erissicn is
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greater horizontal, whick i1ndicates the large rcle cf lapminar
heterogeneities in the fcrmaticm ctf tropcspheric field. Hence follcus
supplementary reason ir favcr of the contracticn cf the width of the
antenna radiation patterns in the borizontal plane. The width of the
antenna radiation patterr in the vertical plare, is mcst favcrable
from an energy pcint cf view, it zust be order c¢f 1.5-29, It is
necessary to have in mipd, ¢f ccurse, that with the wide antenna
radiation patterns can arise the distcrticns ¢f broadband signal due
to the arrival of waves with the large time lag. Therefore during the
transmissicn ¢f brcad tand is necessary the special checking cf

possible distcrticns.

§ 1.7. Dependence of signal level cn area relief and teight cft

antennas.

During the remote tropospheric propagaticn area relief affects
in the ssall sections, adjacent to transsittirg and receivinc¢ ends cf
the route. The presence cf the screening cbstructions before the
antennas causes the decrease cf signal level the greater, the
greater the angle of clcsing 8, which is the angle Letween the lire,
dravn from the center cf anterra t¢ the apex c¢f obstruction, and the
horizontal plane (PFPig. 1.18). Ibe dependence c¢f attenuation factor cn
the angle of obscuraticn is explained by a change in angle ; with a

change in the angle ¢f ciscuraticn. With an ircrease 6 increases
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and since the scatterirc or wave reflection ty atmospheric

heterogeneities possessas the¢ directed properties, then fros increase

v attenuation factor falls.
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Fig. 1.18. Taking intc ccosideraticn of the effect c¢f area relief.

Page 43.

The experimental study cf the effect of the stielding obstructions
vas conducted on routes sith an extent 3C3 and 448 km [1.2], and alsc
in the series of other rcutes [1.1) in extent 1C5 and 152 knm.
Experiments showed that the atteruaticn factcr is changed inversely
rroportional to the square cf angle y Or Fig. 1.19 is given the
experimental dependence cf attenuation factcr cn angle sy, cktained cn
the route 450 km on the wave cf apjroximately 23C cm. Cesignrating
through b the ratio cf ttke rss value cf attentaticn factor V., with

t # 0,
3,=3,=0 to V. . uithAosz, in accordance with the exrerimental data

[
1
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it is possible to record:

=—, 1.44)

Voo o : ( )

vhere Yo - slip angle fcr 9,=%=0 v, =~ slip angle fcr 3, ané 3,, nct
equal to zerc. Prom the gecsmetric relaticnships (see Fig. 1.18) we

will obtain:

~_ 2 -
‘p~“2" » (1.45)

i = —(p+ 9 + Dy, (1.46)

vhere ¢= 4 - geocentric angle, a, - equivalent radius of the Earth.
[+ #3
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Fig. 1.19. Dependence cf weakening on the angle cf slip - ., for the

route 448 kma, A=30 cm.

Key: (1) . Experiment. (z) dB. (3). Calculaticr according to fcrmula.

(4) deg.

Fage U4,

Substituting these values of angles in (1.44), we will have

(Dz
P )R

b= (1.47)

er

955 = g —10ig(g  Hy ). 11.43)

As can be seen froas (1.47), the dependence cf weakening Lt cn tte
angle of obscuraticn sufficiently weak. In tkis case, the greater the

distance, the less the weaxening, introduced ty the stielding

T
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cbstructions.

§ 1.8. Statistical characteristics of signals with the space,

frequency and angular diverse recepticns.

General information.

On the tropospheric lires c¢f communicaticns for dealing with the
rarid signal fading is used extensively the space diversity when the
reception of signal is r¢alized frcm several antennas, displaced
relative to each other in the space, and alsc frequency diversity
vhen signal simultaneously is transmitted and is accepted at two

different frequencies.

Is less is propagated the sethod of the diverse recepticn over
the angle, used only ir the case ¢t using the artennas with the very
large directivity. All these methads of the diverse recepticr make it
possible to consideratly increase the stability cf communication or
the tropospheric lines: therefore it is ¢f irterest tc come tc light
the fundamental laws, characteristic for the sicnals with the

diversities of differert fcra.

Correlation of signals with tke space diverse recepticn.

L _, — —
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If the reception c¢f signals is conducted frcm twc identical
antennas, spread in the sgace, thep in general rapid fadings cccur cr

the different antennas ncosisultancously. Onp the trcpospheric lines

cf communications is applied the separation cf antennas in the
direction, perpendicular toc route cn the hcrizental. The diversity cf

antennas along the rcute is ipeffective, sirce fcr achievement of the

necessary results is necessary the very large segparation cf antennas,
i considerably larger thap with the transverse c¢iversity. Therefcre
further the question will deal cnly with trarsverse hcrizontal

separation.
Page u45.

The fluctuations c¢f the instantaneous values of signal amplitude
cn different antennas frcve tc te to the certain degree unccrrelated.
As usual, degrees of the correlaticn cf signals can be determined

with the aid cf the coefticient of correlaticr R:

R =btidls (1.9

Y%
vhere AU, - a change of the signal amplitude in the time relative tc
& average value in the first antenna, 40, - the same change cf the

sigpal amplitude in the seccnd antenna; 402 - the mean square of the

fluctuations of signal level.

| Antennas are assured tc ke identical cnes; therefore aU2 it is
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equal for both antennas. It prcves to be that with an increase in the
distance tetween the antennas 1 tke coefficiert c¢f ccrrelaticn R
falls. Dependence of R c¢& the distance is called space correlation
function R(l). The nature of this ghenomenom can ke explained tased
on this example. Let us e€xamine twc hetercgeneities : in the space
cf re-epmission. Let cne cf them be located in the center of space a
(Pig. 1.20) at pcint C,, and the second - at a distance cf L/2Z frcrx
the first heterogeneity at fpcint C; (L - a transverse dipensicn cf
spacs a). At point A is located the transmitting antenna, while at
points B, and B, - receiving antenras. If the wave amplitudes,
reflected by heterogeneities C, and C,, are agproximately identical,
then with the small scvemants C, relative tc C, in the place cf
reception will be observed deep fadings due tc the interference of
tvc vwaves reflected whcse phase is changed ir the time. A phase

difference of twc waves reflected in the first antenna will te

@ L L3 .
Acp,:x(QVT+T——d)z—uj. 11.50)
Pt.ase difference in the seccnd antenna
) ey B =0 )_\_‘l[-“w (3
ACP::_—IC’\Q 1/ T 4= od ‘1.01)

As can be seen fros (1.50), (1.51), a ghase difference cf the
vaves reflected is different fcr apntennas B, 2and B,, and, the greater

1, the greater this difference.
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Pig. 1.20. Geometry cf the diverse in the space recegtion.

Page U46.

Thus, the maximums and the siniaums of signals will nct coincide in
these antennas. If A#, it will cdiffer frca 244, tc value w», then upcn
the appearance of an irterference raximus in antenna By in antenna B,
there will be the minizur cf signal, i.e., tte ccefficient cf
correlation of signals ir By, an¢ B, will be ecual tc zero. This will

tegin when
(L~ __:'1._-‘_ :

Ry

or, taking into account that 1>>), we will cttain

Ll

o =z, (1.32)
12
wvhence we find value '=!., which ccrresponds tc the correlaticn
coefficient, equal tc C:
iy
*-n:z (153)

Thus, from an increase in 1l the degree cf the correlaticn of

signals falls. When (=/, the correlaticn ccefficient is apprcximately

equal to zeroc. A radius cft the ccrrela 2cn ¢f signals on two
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antennas, obviously, will be prcgortional tc value ., wnder a radius
of correlation is understood the distance !, at which the

correlation function falls intc e ¢f times. Certainly, actually the
space of re-emissicn contains many re-emitting hetercgeneities:
therefcre interference fadings are caused ty the arrival of gany
vaves into the place of recepticp; however, the essence of phenomencn
is not changed in compariscn with the case exarined. Approximately it
is possible to ccnsider that

Hxu=t o {1.54)
wvhere Y. - anqular dizensicn of the space c¢f re-emission in the

horizontal plane.

As can be seen frcs (1.54), a radius of ccrrelaticn is
proportional to wvavelength and it 1s inversely rrcpcrticnal tc the
anqular dimensions of the space of re-emissicn. Since the angular
dimensions of the space of re-emission according to § 1.5, aréd alsc
to the measurements cf angles of arrival [ 1.1] either dc nct depend
on distance or they fall frca tke distance, tten ., apparently, nrust
¢r not depend on distance or increase with the distance. In the case
cf the directional antennas a radius of correlaticn must increase
inversely proportional tc the apgle of antenra directivity ir the

hcrizcntal plane.

The aexperimental data aktout the dependence cf a radius cf
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correlation on the distamnce have tke large scatter c¢f values [1.17,

since in different experiments were >pplied different antennas.

Furthermore, precncunced climatic and gecgraphical differences,
and also differences inr the time cf observaticn. Acccrding tc
experimental data value "/y/x, apparently, dces nct degend cn
vavelength and varies fcr different experiments arproximately from 10

to 70.
Page 47.

Therefore for guaracteainy the statistical independence cf
signals the diversity ¢f antesnas in the directicn, rerpendicular tc
route l, must be sslected nct less (50-1C0) r. Exgerimental scgace
corraelation function has a fcrm, a clcse one to the exponential

function:

Riy=e ', S
Pig. 1.21 gives as an exaafple the experisental space correlaticn

functicn, obtained on the rcite in extent in 3CC km cn the wave 30 cr

{1.2]. In this experimert were apglied identical antennas, in wvhich

Correlation of signals with the qiversity ir the frequency. Frequency

charactaristics cf signal.
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During the remote trorospheric propagaticn into the place of

reception coms many waves with the randcesly clanging in the time

thases. This leads tc thke fact tkat the amsplitude-frequency
charactaristic of sianal clanges in the time randomly and it can te
determined only statistically. Fcr the guantitative estimate cf
random changes in the aamplitude~frequency ctaracteristic they use the
coefficient of correlaticn

AU AU
alL3

R(Af): .

where, as before AU,=U,-T,, A0,=U0,-Up, U, ~ signal level at frequeuncy

f, U, - signal level at fraquency f,=f +af.

-

T

!
AEAN

S i .

R P " ' R B

*

Fig. 1.21, space correlaticn function, ottained experimentally cn the

j route 300 xm on the wave 30 cs.
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Depe:idence R(Af) is nothing else but the frequency correlatior
function of signal. The nature cf the variatility of frequency
characteristics it is easy to understand with the 2xample cf twc
heterogeneities which we give ir tae preceding section. In fact,
according to (1.43) a ptase difference of two signals, accepted at
cne point from two hetercgeneities, located in the center and cn the

reriphery of the space ct re-emissicn, at frequency £, will Le

-

'X‘F'.'\”-‘%I:fn . (1

o)

W

and at frequency £, -

wvhere ¢ - the speed c¢f light.

A phase difference is different at the different frequerncies;
therefore the maximums and tbhe gipnimums ¢f signal amplitude at tha
different freguencies dc¢ nct coincide. With ar increase Af the

correlaticn of signals decreases. with A¢,-2¢,=», if cn frequency ¢,

is cbserved the paxiemuw cf signal, then at frequency f, there will te




¢ —p——r e
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the minimum. This will te according to (1.56), (1.57) when

L

i

I8
r‘lg

(1.28)

This value can serve as the measure fcr the correlation cf
signals at the different frequencies and is fprcpcrticnal tc a raiius

cf frequency correlaticr 4fgq:

In actuality picture will ke, of course, mcre cceplicated, since
in reality a quantity ¢f heteraogeneities is great, yes even are
spread they they can be pot caly co the horizental, tut also ¢n the

vertical line. With the vertical se¢paration

A ~c=2L ~ 4. . L&D

so that dependence Af, cn the distance differs scaewhat frca the
first case. However, general lass are visible sufficiently well frca
this simple example, A radius of frequency ccrrelaticn is invers=zly
troportional to the square cf tte linear dimensicn cf the space of
re-emission and does nct depend on wavelength. Therefore with an
increase in the antenna directivity a radius c¢f fraquency ccrrelaticn
sust sufficiently sharply rise. Degendence 4f; ¢n the distance is
sufficiently complicated, since 1n (1.59) ané (1.63) bcth the
numerator and the denominatcr they change witt change d. Since

dependence of L on d is unclear, then is nct defined dependerce Af,




DOC = 80025104 EAGE qlﬂ

cn the distance.

Page 49,

As we already spcke, many experiments indicate that the angular
dimensions of the space cf re-ezission dc nct derend on distance. In
that case a radius of frequency ccrrelation will be inversely

grogorticnal to distance.

Now let us pause at the experimental data abtout the frequency
correlation of signals. Acccrairg tc these data {1.1) a radius of
frequency correlation with the weakly directed antennas comprises at
the distances of 200-4CC km of apprioximately C.€-1 FMHz. With the d
antennas with the angle ¢f directivity of 19 at the same distances it
is equal to 1.5-2 MHz. At large distances there are cnly single
measurements, which give the drcp 4f, with distance [1.1]. Judging
according to the experiamental data, a radius c¢f fregquency
correlaticn, apparently, does nct depend on wavelength. Utilizing
experimental data about tne value c¢f a radius cf correlaticn at the
distances of approximately 300 ka, it is possitle tc ccnstruct
derendence Af, on the distacce, taking irto acccunt that Af, it is
inversely proportional tc distacce. Fig. 1.2Z gives similar

dependence for different angles of antenna directivity (for the case

cf identical antennas s =72.). Water cf frequency ccrrelaticn functicn
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MHz. This function is regresented in Pig. 1.:3

correlaticn function is close tc the Gaussiar

rap e

R@p =e W0

-

it is possible to judge tased on the exarple tc the functicn,

cbtained on the route 3C3 km at the frequency cf apprcximately 10CC

The form of




|
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Fig. 1.22. Dependence ctf a radius cf frequency correlaticn af, for
the system of identical antenras ¢b the geograrhic distance d. Angle

a ~ the width of the artenna raciation pattern.

Key: (1). MHz.

Page 50,

Frequently in practice are applied ancther characteristic of tte
variability of the frecuency characteristics c¢f signal, so-callel
nonuniformity in band E. This value is the ratic cf the highest value
of signal amplitude to the icwest in the band Af. In the case of the
trorospheric propagaticr B it 1s random variatle. Fig. 1.24 gives tte

integral distributions cf value 2, for the éifferent values 4Af,
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received cn the route with a length of 303 ke at the frequency cf

apgroximately 1000 MHz.
Correlation of signals with the diversity c¢n the angle.

With the pencil-team antennas sometimes is applied the civerse
in spac? reception, which is reaiized not wittr the aid cf the
diversity in the space ¢f antenras themselves, tut with the aid of
the direction of each ct the antepcas into the different regicns of
the space cf re-emissicn, This diversity in practice is realized in
cne antenna with parabclic reflectcr and several irradiators. Each
irradiator gives its raciation pattern, shifted in the space relative

to the radiation patterns of adjacent irradiators.
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F1g. .23 Fig. 1. 24

Fig. 1.23. Frequency ccrrelaticr function, cttained experimertally cn

the route 303 km, A=30 csa.

Key: (1). MHz,

Fig. 1.24. Nonuniformity cf frequemcy characteristic fcr rcute 3I1=233C

km and A=30 cn.

Key: (1). MHz. (2). Fercentage cf time when ncounifcrmity is =zcre

| than valne, indicated cr axis cf crdinates. . = L:v

Page S1.
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In the essence, anqular separation in the nature of the phencgencn in
no way differs from usual spatial separaticr. Tke shift of the
radiation patterns, formed ty adjacent irradiatcrs, leads tc the fact

that th2 "centers of gravity™ of the spaces cf re-emissicn fcr eact

cf the irradiators will Ls shaifted relative tc each cther. Tlis will
lead to the fact that tite diffe:ence cf the ghtases ¢f components,
entering the received signal, will be differect apdi, therefcre, the
corralation of signals fc¢r different irradiatcrs will te disturted.,

In this case, the greatetr the argqular separaticr, the less the

coefficient of correlaticn cf sigomals. In [1.18) for the very
rencil-beam antennas there was cbtained fcllcwinrg expressicn fcr the

coefficient of angular ccrrelation:

1.58182 \ i
- i L

(AB) = exp [ —
R (AB) expL }

%50
where A8 - an angle of the separation between the diagrams of antenna
directivity, dso - angle cf antenna directivity in the vertical
rlane. Thus, a radius c¢f angular ccrrelaticn 2f, according tc (1.5%)
will be:
AB, = 0,352, V80

Wwhen the dimensions of tane space of re-erissicn are determined

not only by antennas, tut alsc bty the prcperties of heterogeneities,

a radius of correlaticr Apg will depend ¢n the dimensions of the
space of re-emission. 1%e experisental data atout the correlation
|

with the anqular diversity are civen in [1.1). Let us ncte that the q
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angular separation is effsctive only when divergence from the main
directicn does not cause the noticeable weakerirg of signal. With the
angular separaticn tc value Af c¢n the vertical line fcr seccrd
channel will te observec attenuaticn of signal. As in the presence cf
the shielding cbstructicn, this weakeninc is ccnnected with an
increasa in angle % {s€¢e Fige 1419), in this case, naturally, the
weakening is expressed Lty the same formula, as in the case cf the

shielding cbstruction

b= P2 y s
(7 a8 (1:94)
Thus, diversity on the aangle 1s effective with e>>A8, i.e.,

either at large distances or with the very percil-teas antennas.

Ontil now, the discussicn dealt with the ccrrelaticn of the
instantaneous values of signal with the angular separation, i.e.,
about the correlation cf rapic¢ radings. But with the consideratle
diversity on the angle wken each irradiator cuts out in space its
isclatad space of re-ewissicn, will te destrcyed not cnly *the
correlation of the irstantanecus values cf signals (rarcid fading),
tut also the correlaticn ¢f £ive minute mean values (slow fading). In
the examination of slov fadings we already said that the signals,
which attached frcm difrerent 1sclated parts cf the space cf
re-emission, can be corsidered independent variables cn the slcw

fadings.

!
b
i
¥
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Fage 52,

Spacifically, under this assuaption the law c¢f the distributicn
of slow fadings takes tie lcgarithsic fcrm ard crly under this
assuamption is observed that dependence of the depth of fadings fren
the antenna directivity which 1s justified experimentally. As a
result of applying the diverse in angle recepticn, the dispersion of
slcv fadings dacreases accordinmg tc (1.23) or (1.24). Value o in this
case will be equal tc a number c¢f isclated spaces of the re-emissions
which are formed with the angular diversity. lngular diversity can te
realized not cnly at receiving end, but alsc sith the aid c¢f the
transmitting antenna with maay irradiators. Ir this ccmounicating
system the losses of arplificaticn decrease ard become aqual to the
losses of antenna gain, which ccrresponds the space, ejual to the sum
¢f all spaces of re-emission, tkat are fcrmed ir the angular
diversity. The losses cf amplification decrease in n of times in
comparison with the single recegticn, of ccurse, when in all cases

the space of re-emissicn is wholly deterzined by antennas.

On the route with a length of 303 ka at the frequency cf 1000

MHz vere conducted the inpvestigaticns of the effectiveness of

diversity on the angle fcr gealirg with the slcw fadings. In the
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axreriments were utilized two receiving antenras, which had the angjle
cf directivity of 0.7°. These artennas were sbtifted on the vertical
line relative to each cther c¢n (.79 sc¢ that the radiaticn patterns cf
these antepnas intersected at the level c¢f half pcwer. Frcrx Ltc*h
receiving antennas was ccanducted sigultanecvsly the prolonged
recording of signal (apprcximsately cne mcnth). The statistical
analysis of recording shcwed that the correlaticn ccefficient fcr tte
five minute mean values ct signal ¢p cne and Lty ancther antennas
comprised within entire fpericd cf cbservaticns C.4-0.5. Thus, slow
signal fading with the diversity tc the angle, egual tc the width cf
radiation pattern, are viartually nct cecrrelated. Corsequently,
conclusions atout the eifectiveress of anrqular diversity in the fight
vith the slow fadings and the lcsses.of amplificaticn are -ustified

exrerimentally.
§1.9. Dependence of signal leval ca the form ¢f peclarization.

Experimental vworks [1.1; 1.2] shoved that the mean signal level
virtunally does not depend cn the torm of polarizaticn. furtherwzcre,
the special investigaticps, wbich were being carried cut at the
frequency of approximately 1000 MHz at the distances 303 and 448 «n,
showed that rapid fadings with raception are sisultaneously cn the
horizoﬁtal and vertical polarizaticns alascst ccepletely correlatead

(transaission was condvcted during polarizaticn of 4S°). The sam2
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conclusion follows from thne thecretical study of this protlem. The
measurenments of the depclarizaticn of signal cn the route 303 ka
shewed that the signal frca the aantenna, polarizaticn which was
perpendicular *o the pclarizaticn of the trarsmittin, antrrna, cn

18-25 4B is lower than from the rormal artenna.
Page 53.

The value of depolarizaticn continuously is changed in the time. The
redian value cf polarizaticnal weakening within the fprolongeé fpericd
cf the measurements for tine anternas by directivity cf 19 was 20 d&B.
Lepolarization depended on the directivity tcth transmitting and
receiving ¢f antennas. Fclarizaticnal weakenirg increased witltk an

increase in their directivity.

§1.10. Dependence of tke average signal level cn the climatic

conditions.

The mean signal level, as already menticned, sufficiently
strengly derends on the seascn cr year. It is lcgical that ttg sanme
reasons cause the deperdence ¢f zean level ¢t the climatic
conditions. The the clizate wars and the more humid, the greater
signal level during the remote trcpospheric frcpagaticn, since with

an increase in the temperature and humidity ircreases the intensity

:;
]
?
i
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cf the heterogeneities ¢f the dielectric permittivity cf air, i.e.,
value ¢! In many experiments [1.1] it was ncted, that the daily
mean value of signal level was ccrrelated witlt the value cf the
dielactric permeability c¢f air cr the earth's surface, which is
explained by the overall dependeénce bcth of value 1:° at the height
of the space of re-emissicn and value = . on the earth's surface frcm
temperature and air humidity. This dependence is developed only with
the very large periods cf averaging, comrarad with the season of
year, and is in many respects the reflection ¢f that fact that both
value 3:’, and V have explicit sSeascnal behavicr. Bcth values tave a
paximum in the summer scpths apc the minimua in winter period. On the
tase of correlation of values V and <« frequently are conducted the
predictions of the mean signal levels fcr different geographical
areas. Accordingly [1.1] tte coefricient of ccnfcrmity ¥ betueen
value 'p.sss and value V=1(}s,—i) 105 changes frcm the distance

-~

according to the law, represeanted in Fig. 1.2zE%.
nam-sz (1)

i ; | ! ! 1
\ | ol

2 _

b/ 0 «0 0 30 23, xm

Pig. 1.25. Depenience cf the coefficient of ccnfcrmity M on the

distance.
7. dB/N-th.
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Fig. 1.26. Chart of value Vo=(V w—!)I0® ¢cn earth's surface for wcrst

sonth in year {when N, is ainimalj.

Key: (1).
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Latitude in tke degrees.

(2)

longitude in degrees.

Uwpota 8 rpanycasn -
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The coefficient of ceonfcrmity M is the value c¢f the change of +heo
strength c¢f field in the decitels, which arrives cn 1N - a urit
change in the refractive incdex cf air where N - a refractive index cf
air on the earth's surface., Thus, if are kncwr the mean signal levels
for one gecgrapnical area V...:.. thbhen it is pcssitle tc find the saume
levels for other areas, 1f 1is krcwrn difference N,-¥,, where ¥, - a
surface value of refractive index in the first area, and N, - surface
value cf refractive index in the area where it is necessary tc
determine the mean level of the signal

14 v

. 02008 = Vep, a1 oy T M{N2— V1) (1.53y

Values N for different geographical areas cap te determined c¢cn
the charts which are given in the documents cf MKKR [International
Radio Consultative Compmittee] [ 1.15]. Fig. 1.26 gives such charts cf
the average monthly value N, in that month whben this value is

pinimum. The coefficiert cf ccnfcraity ir (1.€5) is determined on the

graprh in Fig. 1.2S.

In conclusion let us ncte that used this method should te with
large care, The fact is that tor many gecgraghical areas it is nct
justified. In particular, under cctditicrs cf hct climate it proves
to be unsuitable. Then i1t 1s fpossitle to speak about winter gperiod
for many gdgeographical areas. In winter the ccrrelaticn Lketween iy and
signal level proves to te very weak, and forecasting levels accozding

to this method can give consideratle errcrs. 2s it was already noted,
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for the worst months of year, what are winter mcnths, signal levels,
cbtained in different gecgraphical areas with the mcderate and

subarctic climate, proved tc be sufficiently close in the value with

oy
m

equidistances and the wavelengtits (see FPig. 1.5). Therefore fcr t
worst month of year! it is Letrer tc use directly values V.. frca

¢f the curves of Pig. 1.%a and k.

FOCTNOTE 1!, According tc the norms of MKEKR the stability analysis cf

the work of trcpospheric lise is ccnducted fcr the ccnditicns of the

worst month. ENDFOOTNOTE.
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Chapter 2.

Diverse reception on the lipnes cf ramote trcgcspheric propagation c¢f

VHF (LCTR) .
§2.1. Introductiocn.

In €hapter 1 it is sncwn that the signal in the place cf
reception with DTR is sutjected tc the rapid and slow fadings, which

are determining multiplicative interference!l.

FOCTNOTE 1. Multiplicative interference is here assumed to be that
cperating immediately cr antire spectrum of ccmemunication. The
fluctuations of cne spectral component of sigral relative to cthers

are considered insignificant. EMCFCCTNOTE.

The fundamental methcd ¢f fight with the rapid fadings, caused by the
sultiple-pronged structure cf the signal in the place of recerticn,
is the diverse recepticn. The principle c¢f the diverse recepticn liss

in the fact that the sigral at the ocutput cf receiver is formed Lty

the combination of several i1ngut signals, which carry one and tha
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same information, but diffarently affected ty multiplicative
interference. This ccmliced outgut signal will te considerably less
affected by multiplicative interference. The informational evaluatic
carried out in [2.1], shows that tne capacity cf multibeaa chkannel is
less tﬁan the carrying capacity of single-ray channel (at the
identical mean power); hcwever, with the diverse reception with an
increase in the aultiplicity of diversity the capacity cf
multiple-pronged channel apprcachbes the capacity ¢f single-ray
channel [2.2]. ihis cenfirms the pcssibility cf the ip practice
corplete elimination of rapid sultiplicative interference by the use

of the diverse recepticrn.
Fage 58.

§2.2. Statistical characteristics ¢f the sigral ipn the place c¢f

reception.

Let the transmitter emit the sinusoidal unmodulated oscillaticn

with the frequency wg

(2.0

Ugg = Ung oS wg L,
then the signal in the gplace cf recepticn as a result of

sultiple-pronged progpagaticn 1s equal to

n
Vi = ‘\:L',,p.-cos [w, ¢ — Tl 2.2) H

==
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Here (U ;- — amplitude cf the i-th component of signal, T -~ the time

lag of this component, n - total number cf hetercgeneities, wkich

diffuse signal in the directicn of reception.

Index i=0 relates tc amflitude and time lag of regular
component, determined Ly the presesce of diffraction field. Tctal

signal can be recorded in the tcra

Vap = L'1pCCS (wy £ = B), (2.3)
wharea the amplitude
Uap= V= P2 ' (2.4)
and the phase
9 = arctg —Y\—- (2.5) l

are deteramined through the prcjections of ccomgcnents on the

crthogonal axes,

)
X = Unp i COS T l
.
L= { ~
. i (2.6)
}" - \ '. . 51"1 “)3" l
a——t

Since scattering capacity (intensity) ard pcsition of the
diffusers, located in the space cf scatterinc, is changed rardcomly,
amplitude [, and phase © <c¢f the signal accepted are randorn
functions which are slcwly changed in the time. Slowness mears that
rate of change (3 and % 1s ccnsiderably lcwer than rate of change
the slcwest element c¢f ccxmuricaticn, i.e., ttat for the tinme,

necessary for transmissicn ¢f the longest elesment of the
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communication (or for several pericds of the quite lcw-frequency
component of the spectrum of cosmunicaticn) cf change - - ané¢ - are
negligible, According tc¢ the central limit thecres cf Lyapuncv *“he
distribution of the suz ¢f randcs ccmponents c¢f the projecticns of
amplitudes (i=1, 2, 3, «se, D} 1D tormula (2.€) with sufficiertly
large n will strive hcw ccnveniently closely tc the ncrmal laws cf

protability distritutica.
Fage 59.

In this case, since thase = evenly distributed in the limits 0-2n,

i-e-'

N
. \
- (122 o 0 €W L2 -
Ly = ! R N o (_z,) (21)
{ 0 — 8Ke 370ro HATEpBANa, )

Key: (1) . with. (2). out of this 1interval.

then signal amplitude vwill have the generalized FKayleigh

distributient
u‘-}-Ug
W) = %e ol i (“L”" ) . (2.5)
In formula (2.8)
z
Io(2) = ;‘—j e g (2.9)
P 4
v

- the modified Bessel functicn, <62 is propcrticnal to the pcuwer of
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random (number of that scattered) signal, Ugs2 is propcrticnal tc the

fover of regular (diffracticr) the components cf signal.

POCTNOTE !. Fluctuations in the signal, which are sutordinated to
cther laws of distrituticn, bere are not exasined, since, as a rule,
cn the lines of DTR is ccrrect the Rayleigh distribution. However,
fundamental conclusicns &ce valid alsc fcr them. Shculd be noted the
very ordered theory cf ragid fading vith an s-distrituticn Lty

Nakagami, presented in [Z.3]. EMCECOTNOTE.

In the absance of regular comiponents Ugy=C law (2.8) is ccnverted

intc the usual Rayleigh law

“. B
W) =—e T . 2.0
s

In this case inteqral distribution, i.e€., probability that the
amplitude of received sicnal lies telow certain threshold level Uy,
is equal

N
-
Unop e

W(0<u U= jmwmzx-fza, 200
V)

Subsequently by us will Le necessary the parameters of randca

variable, adhering tc the Rayleign law cf the distribution:

o - —_—
— cpeanee 3ragesite 4 = ¢ }/7/2,
& 4—=x
— aucaepens D{u} = _2__03. . 2.42)
B R
— meqada®) e =¥ 1Inlo
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Key: (1). Mean value. (z). dispersion., (3). median.

FOOTNOTE 2., The aedian c¢f the law cf distrituticn is the value cf
signal, exceeded during 50c,s0 of time of cktservation. It they use
especially frequently, since it easily is fcurd fror experiment.

ENCFOCTNOTE,

Page 59.

Taking into account median value (', distritution (2.11) we can

vrita in the form

Cu o
—ef S22
UL 513
AR - - ] - Nl O 1
I N A . 203

In the process of experimertal investigaticns the distrituticn
cf probability of signal awglitude is determired on the samples of
the recording of signal, analoycus those given in Fig. 1.7a and b.
The results of treating such recordings usually ar= represented in
the form of histograms (Fig. <.1) and integral curves, revcrcesented in

Pig. 1.8.

During the remote tropcsgheric propagaticn the VHF distarce
tetween the adjacent stétions usually exceeds 150-2C0 ka and the law
cf the probability distributicn of rapid fadings is very close tc *he

Bayleigh. With the decre¢ase cf distance in the received signal




DOC = 380025104 EAGE//?

aprears diffraction ccorconent and distriltuticr must ke approximated

ty law (2.8). The duraticn cf realizaticn (recording, signal), which

should be processed for cctaining the law cf distribution, must be

ct

of

cf

~==4=7 min, sinca duriny prccessing of the reccrding cf the signal

larger duration will ftegin tc be manifestec the slcw fluctuaticns

the median of signal, determined by damping change in the section

the propagaticn (see §1.4).
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Pig. 2.1'. Distributicn ¢f signal {(bistcgqgram), received
experimentally.
Key: (1). Number of readinys cn the time axis. (2). Signal asplitude
at input of receiver, V.
Fage 61,

#ith the decrease of the time of otservation can remain undetected

the laws governing ragid fluctuaticns cf the amplituvde cf received

signalt?.

FOCTNOTE

1, This will cccur kecause in the interval cf swaller lsanjth

R ——

s T < - bt @B
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will not be satisfied the conditicn of the ergcdicity of the randcw
process, vwhich describtes signal at the irput cf receiver.

ZNCFOOTNOTE.

The methods of obtaining several sgears cf the fluctuating radio

signals, i.e., the methcds of aiversity, are examined in §1.7.

Let us recall that on tte lines of LTR is fcund a use, in the
first place, the spatially distribited recepticrn with which in the
place of reception of the signal (with the N-fc1d reception), ar:
accepted upon N of the artennas, spread usually perrendicular to ths
route; in the saccnd place, tbe frequency-dispersed recepticr, in
which is utilized one antenna and N of receivers and finally thirdly,
diversity cn the angle c¢f arrival <f the team, with which is used cne
antenna the radiation gpatterm cf woich is done by multilobed, and ¥
cf receivers, the effectiveness of the diverse recertion
significantly affects tite dependence cf sultiplicative interferences
in the diverse channels. Tte effectiveness cf the diverse receptior
is greater, the less are Jependent these interferences. It shculd te
noted that if for the first twc sethods ¢f the diversity cf signals
cbtaining the independent fluctuaticns of the envelopes of HF signal
is relatively simple, then for the third methcd - argular diversity -
it is considerably mcre complicated. The fact is that with ar

increase in the angle ct diversity begins tc fall the pover of the
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arriving signal (see Chafpter 1). This means that during the desijn cf
systems with the angular diversity is necescary a reasonable
compromise between a drcy 1n fower of sigrnals with an increase 1pn the
angle of diversity and an increase in the ccrrelaticn of signals witn
the decrease of this argle (see [Z2.4]). 2s the zeasure cf the
dependence of the Rayleign fluctuations cf the epvzlcping twc diverss

signals can serve the ccefticient ¢f correlaticn2,

FCOTNOTE 2, FPor non-Rayleigh distribution of fluctuations the
correlation coefficient is not the adequate measure of their

dependence. ENDFCCTNCTE,

Lat the transamitter emit sinusoidal oscillaticn (2.1). Then with the

diverse doubled recepticn 1n the place of recepticn are two signals:

Vi = Uqpicos(ug ¢ < &), SUDES
Va= Uppacos{mgt + ).

The two-dimensicnal prokability density cf the envelores

~yt

v np

>

apl
Uaptlnpa 2=l — ) Uapilll 1 =

p\Unph Unpz)z IR o TO[MIK ‘\2.13;

(1 —rY) S(l—ri"
vhere value r2 is almost accurately equal tc the correlaticn

coefficient betvween envelcfpes R [see fcrmula (3.19) ]:

aprr Ynps

. Unptl'np- N
rf=R = ——ZIPIETRRr 12.0ch

U:pl Unpa l T 3
’ Yapt “np2

I, - the modified Eessel furpction.
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Eage 62.

In wvorks [2.5) and {Z2.6] 1t is shown that the Rayleigh
fluctuations can be corsider€d independent variatle, if

R Vo S Ve = 037.Is tte distance (in the space, in the frequency c:
cn the angle of arrival c¢f ray), tc which it is necessary to spr=ad
signals for obtaining Rquu@,#l/e=0.37, is called a radius cr an
interval of correlatior. Mcrecver, frcm these vwcrks it follows that
the drop in the gain frcs the use cf the diverse recertion dces not
exceed 1,5 dB, if the ccetfficient ¢f correlaticn cf envelcpes is
equal to R;m‘%m =0.6. 1kis nmears that ir the calculaticns of the
systemss of the diverse recepticrc 1t is pessible tc approximately
consider fluctuations as those nct correlated, if Ry, v, <06 Further
increase in the correlaticn ccefficient leads tc the sharp drcp in
the gain and in the limit with B=1 the gain disappears (fcr the
automatic selection). with the M-fcld diverse recepticn the
correlation is usually investigated in pairs, since tte ccnstructicrn
and invaestigation of the N-disensicnal distritution function are
combined with the great difficulties.

§2.3. Methods of the ccskination cf the diverse signals.
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After one of the rethcds presented above cf diversity is
cbtained N of the spears of radic signal, affected ty the inderendent
pultiplicative interfererces, by primary task beccmes the eccnomical
utilization of these sicpals, i.e., the use c¢f such combinaticn
during which the losses ¢f the tracsmitted infcrsaticn will tLe

pinimum.

In the communicating systess found use the methcds of tie linear
comtination of the diverse signals. During the use is cala methods
the signal at the output of the device cf N-fcld additicn 3. ) ;%
is determined by the equality

N

S. ()= E a,Sxit), (2.17)
vhere S :, - sum of useful signal in the k-th branch of diversity and

additive noise, which cperates at the ingput cf the receiver cf the
same branch:
Sult) = Vi) + 30 {2.18)

For the case of tle sircuscidal unmodulated signal in the
transmission value || ;) is aetermined by fcrrula (2.3). Natural is
assumption about the fact that the mediam values cf signals in the
tranches of diversity are equal tc each cther. Are also identical

noisiness all N c¢f receiverse.

Fage 63.
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Value 2. is the "weighing" ccefficient which in general can
depend on the value c¢f signal or ncise ir the k-th cr any other

branch of diversity!,

FOOTNOTE !. In radar directicn tinding fcund use the methcds ¢f the
ponlinear combination ¢f the diverse signals (fcr example, signal at
the output it was equal to the product of signals in the tranches cf

diversity). ENDFCCTNCTE.

The methods of linear ccsbication can te divided into the
sethods of switching arc¢ the methcds cf addition. During the
switching at each given soment c¢nly one cf ccefficients <. is
different frcm zerc. In this case is pcssible, in the first glace,
the servo diversity when the sigoals in the place of recepticn test
consecutively, until is lccated the signal, wkich exceeds the
assigned threshold. This sigpal is supplied t¢ the cutput of systen
until its level falls telcw threshold. As sccr as this will cccur,
the system of the next diversity agyain will tegin tc search fcr the
signal whose level is tigher thapn the threshcld value, etc. In the
seccad place, is possitle the sjystem of cptimum automatic selecticn,
in which all N of signals are investigated sirultanecusly and it is

selected for the connecticn tc thbe output that frcm them whose level
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is maximum, The statistical characteristics c¢f the automatic
selection of peak signal are tetter than with the servo diversity.

Subsequently will be examined the automatic selecticn of peak signal.

The use ¢f methcds c¢f additicn provides for the simultaneous use
cf several spears of signals, cttained ir the trapches of diversity.
In this case all coefficients 2: <¢f forrula (2.17) are different
frcm zerc., The greatest interest represent twc methcds additicns. In
the first all copies of signal received add up to the identical
weight independent of their value. In this case c =a=. .. zn This
rethod is named linear addition. It will te stcwn belcw that it is

rcst prosising on the lines of [15.

With the second methed cf addition the weighting factcrs are
automatically regulated in such a way that at the output of add
system® would be provided the maximum value c¢f signal-to-noise ratic.
This method subsequently 1s named cptimunm additicn. Find a use alsc
the mixed metheds. Ir cze ¢f thew [2.7] the sigrals, accepted by twe
diverse receivers, add up linearly until their relaticn exceeds
V' 2—1=041. When the ratic ct signals in the kranches of diversity
falls below 0,41, weaker signai is discornected als¢c to the cutput cf
add system begins to erter cne, acre strcng signal, system frcm the
sode of linear addition passes intc the wmode cf autcpatic selec+ticn.

1his sethcd in its characteristics is mcst clcse to the optirur
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addition (for more detail see j2.4).

The combination of signals by the diverse reception can te

conductaed either to the cetector (in the linear part of receiver), cr

after detector.

Fage 64.

In depending on this sharply they differ both methods and used for

the combination equirmert. with the combinaticn to the detectcr is i
correct the assumption aktcut the ccmplete independence of the
comronents of noise :/:) and signal ' (:: Witk the ccmbinaticr after
the detector this assuggticn is ccrrect, if the rrocess of
dewcdulaticn is linear as, fcr exaaple, with AM. For FM this it is
approximately correct cnly with the work of higher than its
threshold, In the systexs frce FM, which fcurd great use on the radio
relay lines of troposglteric scattering, signal level at the cutput of
the demodulator (with the work it is higher ttan the thresholé)
virtually does not deperd c¢n the pcver of sigr:l at the input cf
receiver. A change in tte pcvwer cf signal at the input leads only to
' inversely scaling in the pcower ¢f noises at the cutput cf the FM
discriminator. During tte linear additicr tc the detector one shculd

consider that the phases of the signals, which attached on different

tranches of dispersicn -~ ampd -, in formula (2.14) ), are ir gereral
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different. Therefore fcr obtainiang the waxisusz gain fros the addition

signals must be Lbefore the additicn phased. Fcr this are aprlied tts

special devices cf the self-ali¢nment of the thase (for details see

coherance of the added uf sighals is obteined autcmatically. Ffcr
changing over tyre systews the place of ccsbtiraticn rcle does not
play. One should only have in mind that during the switching tefore
the detector the autcmatic selecticn must te realized on the maximun
signal level, and when selecting after detectcr (FM) on ths wminimun

¢f noises.

§2.U. Statistics of signals with the diverse recegtion.

T"he use of the diverse reception improves the charactaristics cf
comrunicating system. This iaprcvesent usually is =2valuated cne cf

the following criteria:

1) by an increasa ipn the ratioc of tke pcwer of signal tc the
power of npoise at the cutput cf the device cf the addition of the
diverse signals in ccmpariscn with this relation in the branches of

the diversity:

2) by the decrease cf thte relative duraticn of the breaks of

cosmunication, caused Lty the tadings;
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3) by an increase in the authenticity cf the transmissicn of

binary informaticn.

The first critericn determines an imprcvement in the mcst
important parameter cf ccmouricatirg system at the transmissicn of
analog signals - noise i1p tne chancel., In the sutsequent calculaticrs
grecisely this critericn is used as the tasis of the corpariscn cf
different methods of comtipatici. The second critericn determines the
reliakility of communicaticn - percentage of time, during which the
signal will be above the assigned threshcld level. Fcr the ccrpariscn
of systems on this critericr it suffices tc kncw the laws cf the
distribution cf probatilities with the ccmbination c¢f the diversa
signals. Finally, the third criterion is very ispcrtant durirg the
transmission of the discrete infcrmation (ip mcre detail about this

see in €hapter 6).
Eage 65.

Let by the multiple-prcnged tropesgheric channel be transmitted
by the FM signal

Ugg = Upgces{wy,t — p i),

wvher2 y({) represents the mcdulating signal. Then in the k-th tranch
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of the diverse recepticn signal will be
Sk (6 = Ugpu(thcos{wy t — (1) — B, ()] — L, (1) (2.19)
also, with the N-fold lipear costination.

N v
\ ’ . .
S: = Ealsl = : aanp,‘\!)COSf(A)g\.’ =) -3 ) ~
K] K=l

R4
"Z-Eaxgxu)- I::O)

Kaml
The first ternm in (z.19) and (2.20) deterrines useful signal,
and by the second - additive interference befcre and after tle device
cf addition. In accordance with the critericr of an improvemert in
the quality of communicatico accepted it is ferther necessary to make
a ccmparison of the ratic of the averaged pcwer cf signal to the

averaged power of noise in the Lranches cf the diversity

}Unpx(t)m {wef =L (2) ~ 9)( (O3

re(l) = (2.21)

S0

and this ratio at the cutput cf the device cf addition

<

, l
i aUnp x (Y cos {wo £ = (&) = B, i)}

\
|
=1 }

Y 3
N oo
[_ ay g )
Keul

Before passing to the calculation, let us ncte that the reacticrn

relt) =

(2.22)

rate, connected with HF scdulated c¢scillaticr, at least, by an order
bigher than speed of the prccesses, connected vith the fluctuaticns
of signal, caused by multi-ceam character. Actually, the highest
frequency cf fading does not exceed 5-10 Hz, whereas during the

transmission of telephcry icvest scdulating frequency Fy=3(C Hz,

e . e




DOC = 80025104 EAGE {p}ﬁ

but during the transmissicn of television Fy =50 Hz. Therefcre
during the investigaticn cf fluctuations it is expedient tc average
the processes being investigated, sorecver the interval of averaging
T, to select so that the envelcpe of fading (g, (¢) within time T,
would remain constant &anc 4t tne same time the duraticn of ttle
longest element cf ccmruricaticc was much less T.. Fcr DTR value

Ta=d01=03s.
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Page 66.

Root-mean-square (fcr time 7. the value c¢f signal amplitudz in

the k branch of diversity will te equally

.2
L.;,DK(.‘)

M '

Vel h\:»cos’{was —g) =D nide =

2]
. -

. (2.23)
since for time T, (', .::i =ccnst
The ras value of ncise in the same tranct
=~ | Ra=F ' 229
will be constant, since it degends only cn the quality ¢f receiver.

Thaea formula (2.21) can te recorded in tte fora

) = —2E (2.23)

Thus, the fluctuaticns of value ) are determined by randionm
changes of the signal asgplitude in transsittirg., Again i*r is rnct

superfluous tc recall ttat duripg the study cf the diverse recepticn
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the probability distrituticn cf envelopes .., ..© and raspectively

" are investigated ir the time 1intervals

T;.'c =47 > T

Por the convenience i1t is expedient tc introduce the norgalized

ratio of the power of signal tc the povwer cf the roise

Fodl
Skl N (2.26)

REED

Here fﬁ}— - ratio cf the rocot-mean-square deviation of signal at

the input cf receiver tc the ras value cf ncise.

Since value [ ... bas the Rayleigh law c¢f protabtility
distribution, for . . ibntegral distributicn »ill be exponential:
W0yl =1—e", (2.27)

Prom formula (2.27) it is fpocssible to easily find the
protability of the breaks of cogmunicaticn, i.e., the protability cé

the drop in the signal is lower than threshcld level ;..
Page 67.

For this in formula (2.27) (and also in the subsequent formulas wi‘h

¥Y) it is necessary value Yo tc replace ty zg;vwzqf;As an exaarle,

| probability that the vcltage of signal in the k channel there will te

: below threshold, will te determined by the exgressicn
| Uhoo x

W0 < Lape Climop =1—e ° . 228

SN =t e I AT e

s et v AR
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Let us switch over to the determination cf the rzs values of the
signal amplitude and ncise at the cutput of aéd system {(in irterva:l

T.). Por the signal

[ Nk
ifawwmwmmw+““*mm%=
x=1|

A"

N
= : a:UﬂD A ‘\.. aJUﬂF’ ; URS

=t i=1

{cos[w, (1) — ¢ (1) = O {lcos{wy: — i) + O @i} =

N Ny .
-~ .02 _9 ‘14\|
_ I (4 A I LOS[O‘\‘) E RO 55
= E GLC,,D‘-(.) la, np 1([) —'—-"——‘—2 ' = Jg)
=l ja=l

since value a, U, and © they are permanent in the interval of

averaging 7.

FPor the noise

2 v v R
=WJ=§méw§e;m=:qx, 12.35)
Kmm | jas] Ju=) xam |

since the noises in the tranches of diversity are nct depended, i.=.,

B
[=2 ﬁp_u i=],

Bl t 4 =
HO50) L O apm i # J.

2,30

Key: (7). with.

Substituting (2.29) and (2.30) into fcrrula (2.22), we cttain

1
+3 _
ro(t) = c=li=l i (2,32

ldk

3a,Usp i (O Unp ct) cos [8;{) — ;D)
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From formula (2.3%) it is evident that the signal-to-ncise ratic
depends substantially co the value of a rhase difference
2,0 —6:(5). Gaip durirg the use c¢f the diverse reception is zaximunm,

when this difference is equal tc zero.

Fage 68.

Therefore with the ccmtinaticn is compulsory the phasing of signals.
For this, as has alreacy been spcken abcve, during the additicn tc
the detecter is utilized the seif-alignment cf the phase of the i-tt

signal under the phase cf thne j-th or vice versa. In this case

&o:‘i\(ﬂ, =8 inl=! and
N at
( :" alinp <0
Foun = — = {2.33)
i} N,
Py K

Let us note that according to this forzula it is pcssitle tc
estimate maximum possitle value /::'" UOtilizing

Puniakowski-Schwarz®'s inequality, 1t 1is easy tc shkow that

4

. v
N Ve W) ~ ’
roiy < RN rid). (2.34)
:sfi .-_-l

9 te

5

~

PR
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BEqual sign correspcnds tc a wsaximally pcssitle gain fror the
diversity. Signal-to-ncise ratic at the cutput cf the device of
addition in this case is equali tc the sum of signal-tc-ncise ratics
in all branches of diversity. Sc as for the separate tranch cf¢
diversity, it is here expedient tc intrcocduce the ncrmalized ratio of
the powar cf signal to the fcwer of the roicse

ENGEC k—r—_t;— . - {2.38)

Here T since previouély it was ncrmalized relatively c¥i%

assumed that the rms values ctr sigrpal and ncise in all ktranches of

the diversity cf identical .o, =m=.. .ov=c ard §

)

@t

S = -T::Evl 1
2 LERY) k)
FOCTNOTE ', This is not always ccrrect. For example, with angular
diverse recepticn 1= =_.0¢ it 1S necessary tc use the calculaticn

sethod, presented in [Z.4] for the autcmatic selection. ENDFCCINOTE.

Let us pass to the examinatico of the laws cf distributicn with

different methods of ccatinaticr.

Automatic selecticn. Luring the autcmatic selecticn ccefticierts

<. are determined by the exfpressicn

=T T (2.36)
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Key: (1). for.

vhere h - number of channel with the maximum signal-tc-ncise ratic.

The integral distributicp of the ncrmalized retic of the power of
signal to the power cf ccise will ce equal [Zz.€]

-+

.0 Ly = =Y, (2.37)

ibT

Page 69.

The means of distrikuticn (2.37) is easily explained. Actually,
since with the diverse recepticrp with the autcmatic selecticr to tlre
cutput is connected always tle charnel with tte maximum value of Y,
then in all remaining ctannels ¢x<Y, and protability that in &

channels <Y it is equal t¢

v
W,v="{0~<yx\<Y} = ﬂ PO<Cy<Y) =11 __e—Y}.V.

L 1
Probability density
Dy, (F) = VT2l —eT2 )V (2.38)
Mean value Y: can te accepted as the measure of gain frem the
use of the diverse reception (. Cosputaticns cive

= v
Quar = )} Ys w.vm_ | ¥:)dy, = _\: lix. (2.39)

K

Prom the latter fcrsula it is evidernt that th2 gain from the use

cf the diverse recepticr rapidly falls frcme increase cf N. Tte

..
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addition of the x channel increases Qisr Lty value 1/k. With large ones

roN Yoy VT
N i_’n__j\,..

Optimuym aldition. Atove [see tormula (z.34) ] it was shcwn tha*t a

saximally possitle jair ccrresgcnds tc the equality

v
ro) = Nr oo,
ot - x\¢!

Kam,

Brennan {2.8) demcrostrated that in this case the form of

weighting factors will Le determined by the equality

. it
a (f) = —Jmexf (2.40)

b2 %

N

i.e., during the cptizum additicn amplificaticn in the k chanrel must
automatically ke requlated sc as at any ascment cf time to be
grofortional the k ccmpcnsnt of sigral ard inversely rrcporticral tc
the rms value of noise in the k channel. Integral distributicn y,
vith the N-fold recepticn with the optimum additicn will take the

form (see, for eoxample [..81])

N i
Y- -
o

d (£ — DI

o |

W, 0<pu<Y)=1— 2.41)

Gain from the use ¢t the cgtimum additicr
Qur=¥ (2.49)

increases linearly with a pumker ct branches c¢f diversity.

Fage 70.
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Linear addition. In this case all weighting factors are equal tc
each other:

Qy=a= ,..0,= ...aq,=a4. (2.43)

Virtually this means that the transfer functions of all diverse
receivers nmust be identicali and, tkerefore, tte circuit of all ARD is
in parallel. It is pcssitle tc place everythirg +.=! The law cf
protability distribution during the linear addéiticn for N>2
analytical expression dces not have. The fact is that fcr the
determination of the distraibuticn ¢f the suzx, which stands in
numerator (2.33), necessary tc find the frctakility density cf the
sum of Rayleigh randcm variables, for which tc take the integral of
the fora

N
— e ——

WV, ()= g

[ ety T g,
v v (s9Y

6 _a
LT, R

(2.44)
in which the integraticn is ccnducted frcom the N-dimensional space,

limited by coordinate planes aand hyperplane

N
Nyo=1, (2.43)
—.

Am

and then to find the integral law cf sum.




Fig. 2.2.
with N=2,

automatic

Key: (1).

c/0 time,

Fage 11,
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Integral distributicn Y for differert methcds of addition
N=4, N=8. 1 ~ cgtaipum addition, 2 - linear additicr, 3 -

selection.

Y, 48, relative tc median with the single recepticr. (2).

during which is exceeded value, indicated cn crdinate.

‘ The results of nusmerical integration fcr N=4 and 8 are
‘ represented in Fig. 2.2z (curves Zz). Along the abscissa of *this figure
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are plotted the values, calculated by formula HOCH =W, {0y LY cn

the ordinate - the ncrwmalized ratic of the pcwer of signal tc the
rower of noise, expressed in tae decibels reletive tc median value
94{ with the single reception. Gain fros the use of linear aéditicn

can be calculated accordiny tc fcrmula [ z.8]:

(8
RIS

Quaw = 1 = (¥ ~ 1), (
FPig. 2.2 gives the curved integral cnes cf the laws of

distribution for all three methcds of coztimaticn in gquesticr with
the doubled, quadrupleé¢ and octuple recegticnm, calculated acccrding
to formulas (2.37), (2.41) and (z.44). Values ¢ for all three methods
cf combination into the functicns ¢f a numkter cf diverse receivers,
calculated according tc¢ fcrmulas (2.39), (2.42) and (z.46), are
represented in Fig. Z.3. The€se curves characterize an equivalent
increase in the median pcwer of signal ugcn transfer frce the single
reception to that dispersicr. Frcam the figure cre can see that with
increase of N the difference in the gain tetween the linear and
cptiaua additions does nct exceed 1 dB, at the same time gair durinc
the automatic selectior increases consideratly slcwer. Given in Fig.
2.2 and 2.3 curves characterize the double acticn of the diverse
reception. On one hand, thne diverse recepticn increases
signal-to-noise ratic 2t the cutput, i.e., it makes it pcssitle at
the assigned quality cf chapcpnels tc decrease the energy parameters of

systeas (power of transsittsr, dimeansions of artennas) or in the same

energy parameters to iaprcve the quality of ctanmnels.
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Fig. 2.3. Dependence of the ccefficient cf isprcvement ¢ on the crder

cf diversity.

Rey: (1). dB. (2). Optiaum addition. (3). Linear addition. (4). {

Automatic selection.
Fage 72.

On the other hand, the diverse reception sharprly decreases tte rarge
of the rapid fluctuaticps (see Fig. 2.2), i.e., it decreases the
rercentage of time, during whick the signal falls below the threshcld
of system and, therefore, raises tte reliatility cf the transmissicr
¢f information. One shculd ncte alsc that the diverse recegpticn

sisultaneously provides an increase in the egquipment reliability as a
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result of the redundancy.

§2.5. Selection of the metncds c¢f the coasbinaticn of the diverse

signals on the lines D15.

On multichannel radioc relay lines, which use an effect cf rercte
tropospheric propagaticer, almcst aivays is applied frequency
rodulation. The conducted i1nto §2.4 statistical analysis of the
systems of the diverse receptior makes it possiktle tc make a
comparison of the methcas cf cosbicaticn fcr the line of DTR with <+he

work of higher than the threshold cf FPM.

The power of noises at the output of the FM discriminatcr in

general is determined ty icllcwirg formula [2.971:

_(ic_) —:—)
2 — \ P /nx N
Pavie=Poam| Lie ¥, tme TR | 0.47)
[
\Pa e

where L, and L, - the ccetficients, which depend on the number of

channel, the passbands cf receiver and deviaticn cf frequency. With

the vwork it is higher than threshold {glﬂ S 310 In this case
2. L Paex
(PQLx 2 and formula (2.47) fasses in the known relaticnshirg
p —p L (2.48)
&sux T Camx P »
e '
:‘.Pm /'llx
in which ?.auz=const and 1n depending on a change in the sigpal at

the input is changed tte pcwer cf ncises at tte cutput cf the FM
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discriminator (ChD). Value (:c§ cne shculd tc replace by r(t),

Nt I ¥ 3

also, taking intc accoeunt fcrasulas (2.25), (Z2.26) and (2.3%5) for the

k tranch of diversity record

Ly =
Puwmzx = Foamx ,".‘ = . (2.49)
it Fu 18
and for *the total signal
«
Lg -~
—_ x — M a =
P.: BWX S Peyux P P "'DO).'
Page 73.
;o . . . .
Here v=Paux b and just as it is earlier, is assumed
gi=01=...=GN=0 and = =3 =8, Kncwing distributicns g:(¢)

and y.{{} easy to finé the distritution of pcwer cf noises at the
cutput of ChD. In the inteyral laws of distrituticn, found ir §2.4,

cne should simply Y regplace Ly wbms;b

The ccmparison cf the metacds of corbtinaticn is most sigple tc
prcduce for the doubled recepticrn, i.e., with H=2, since in this case
are obtained the relatively simple expressicrs fcr the distritutioa
functions. The obtained cutput can be used alsc fer Y-fcld recepticr,
if we break it into N/Z the dcuktled recepticns, and then to eachk rcair

of twin circuits to use the same reasonirgs, etc.
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During the automatic selecticn of the strongest of two signals
the integral distributicr of power of noise ir the channel will be

determined by the exgressicn, wtich directly fcllcws frcm forrula

(2.37) taking into acccunt (z.5()

v

<‘?mnuxf =1 —'l\l—e

\1?
Pganx ) -,
ul abiX 2 mnx/. (2.31)

The place, in whickt is realized the ccmtination cf signals, is
unimportant; however, *c fM detectcr - in the circuit UECh - a
combination must be corc¢ucted or signals Umpx (Fig. 2.4%a), and after
detector - on noises Pgxiuxx {Eige 2.4b). Fcr isclaticn cf Puaaurx
in the branches of receiver with the diversity must te special
monitoring noise channels, Hence tne differerce in the tlock diagrams
during the automatic selecticn befcre and after FM detector. The
control systeam on the signal, ottained from tie device c¢f corpariscr,
disconnects the signal, which has smaller amplitude (cr larger ncise
level) . Matching device is necessary for maintaining the constancy cf

level at the output cf receiver.

During the optimur addition the integral distrituticn cf power

cf noise will be detervziced Lty the expressicn [see formula (z.41)?

W"'“" lo\<Pmuu:<',mlux} = l""'(l_e f‘.'u")e -?mmx.(z.sp')

System blcck diagram with the optimum additicn is given in Fig.

2.5. The control systess regulate amplificaticn in the tranctes cf
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diversity inversely prcgcrticnal tc the rms value of neis=2 in

accordance with formula ({z.40).

Per linear addition the significant role with FM tegins tc rlay

the place of additior.
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FPage 74,

Fig. 2.4. Block diagraz cf automatic selecticn: a)

detector: b)

KRey: (1)« linear part. (Z). and. (J). Copntrcl device. (4). Cczpariscn

device. (5).

filter. (8).

e 45

b

b r -
¢ oreg <t 1 ::/?:x:: 3
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r_"‘u (5

e A

o oz dmene j ot

b g

on noises after F¥ detector.

{Aasgp e,
MR RGINE
59

A
{ rmgata [T

G T

on signal tc FM

Matching device. (€£). FM discricsinatcr. (7). Ncise

Detector c¢f ncises. (9). Device cf ccaparison.
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Fig. 2.5. Block diagrasz c¢f optizus addition,

Key: (1). Linear part. (<). F® discriminatcr. (3). Ccntrol device.

(4) . Noise filter. (5). Amplifier cf ncises. (6). Matching device.
Fage 75.

During the addition to FM detector in the highk c¢r intermediate
frequency (Pig. 2.6a) the realizaticn of gair frcm the diverse
reception makes it necessary tc prcduce the autcmatic tuning of ths
rhases of the added up signals, since the phases cf sigynals will
differ frows each cther {see fcraula (2.14) ]. For the deterairation cf
the distribution of power of noises in tte channel it is necessary tc
taks the integral of fcre (<.44) with N=Z, and then tc switch over
frce cne vcltage distrituticn t¢ the next y, and P .. Fcund thus

o BodX

distribution takes the fcra

% 0Py s Py =& 8

2 Aul. 20 1er. . =0 woawx &, BhX

_.1/ = e 2Pu. sux ¢,‘/ __;_\\ 0
2 P \ ?"P-u Bhix

\

()
[31)
(9%
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2
2 _—
where (<) ?Vﬂ \

J -~ Ercbatility integral. A linear additicn

]
can be carried out, alsc, after FM detector (fig. 2.6L). In this case

inteqgral noise distributicn at the output will te determined Lty the
convolution integral cf ncise dastributicns in the tranches cf

diversity and take fcras [2.10)

v e-?muux\;

2 xum. qocae ger, ;KO <‘Dm Bnix 2 <5°mnux} =1— <

XKx(

@ amx

) ) . (2.54)

Pz sux

where K, (z) - the modified functicn of Hankel.

- ————
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AT

Fig. 2.6. Block diagrar cf the linear additicr: a) tc the detector

FM, b) after detector Fe,

Key: (1). Block. (2). Hetercdyne. {3). Ccntrcl device. (4). Fhase

discriminator. (5). Addéer. (6). FM discriminatcr.

Page 76.

During the additicn to the detector the identity of
ampli fication the tractcr [in acccrdance with the fcrmula (2.43) ] is
reached bty the device c¢f the cosscn for two receivers systenm cf
automatic gain ccentrol (ARU). It this case the factcrs cf
amplification of both Ltranches c¢f the diverse receiver will te egual
and determined in esserce by the strcngest cf two signals. The
realization of gain frca the diversity required the special system cf

the self-alignment of phase (APF), which consists of the ghase

discrimsinator and the ccpntrcl system, which affects phase cf cne cf
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the heterodynes. Since tte ideal phasing of signals, naturally, is
inaccessible, it is cf interest tc determine the drcp in the gain
from the diverse recepticn as a result of ar inaccuracy in the
thasing of the diverse signals. 1be correspcpding curve is
reprasented in Fig. 2.7. During the addition after detector the
coherence of signals arc¢ tte lirearity of additicr is obtained
automatically; therefore the clcck diagram Fig. 2.6 is simpler. The
integral distributions cf power of noise on tte cutput cf the FM
detector (with the work it is higher than the threshcld) fcr the
doubled reception and all methods c¢f the ccsbinations, constructed
according to formulas (2.51)~(z.54), are givern in Pig. 2.8 tcgether
vith the distribution with tkte single recepticr. Frcg Fig. 2.8

evidently:

- linear addition after FM detector gives considerably sraller
gain in ccmparison with the additicn to the detector. This is
understandable frcm the fhysical consideraticns, since after the F™
discriminators the sigrals ip oraanches of diversity will be
identical, and noises - ceteramined by that signal whcse level will te
less to PN detector. If we consider threshold rproperties cf FM, then

the value of gain will teccme still less:

- of three remaining distriktutions cuite wcrse in autcmatic

selection. Moreover with an increase in the wsultiplicity cf the
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diverse reception N a difference inm the autcmatic selection from add

systems rises (see FPig. 2.3);

- linear additicn tc the detector insigpificantly differs in the
distributicn from the cptimua addition. It is necessary to keep in
pind that during the acditicn tc the detectcr, is imrroved the
signal-toc-noise ratic tc the passage of mixture ncise through the FM
detector in which with the drcp in the signal in lower than tte
threshcld cccur the irreversicle detericraticr in the output

signal-to-noise ratic.

With the doubled recepgticn is very graphic the method of the

gecmetric interpretatice ¢f cttained results [2.11].
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FPig. 2.7. Decrease of the ccefficient of imprcvement due tc arn

inaccuracy in the system APF.

Key: (1) . dB. (2). Lcsses cf jain relative tc phased signal. (3).

Angle batween vectcrs cf aaded vf signals.

Page 77.

Let us examine the three~-dimensional gicture (Fig. 2.9a), in
vhich along two axes are plctted the ratios cf actual stress cf

signal to the rms value ¢f noise ip the first and second tranches of

the diversity:

tut along the third axis - the sase relation at the cutput of the
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system of combination -

Let us examine autcsatic selection. Let in first channel .=¢
(since be equal to zerc signal Ui, Then the line, which
characterizes dependence -*: (at tase output) ¢n ;. (at the input cf
the system of the diverse recepticr) will be straight line in plane
40 of that lying at angle of 485° to axes (C'F). Value -z will
not be changed upon the agppeararce of a signal in the first tranch of
diversity x>0 until % Lecoses more than x since autcmatic
selection system will wcrk sc¢ tnat to the output neverthelzass will te
connected second channel. This seans that all pcints, which
characterize automatic selection, will lie in tte plane,
ferpendicular to plane . Ow . ¢f passing thrcugh O'F, i.e., in
Flane PO'H. In exactly the same manner, if signal in second channel
#<u then characteristic will pass in glane % 9% Thus, the
locus of the characteristics ot the system c¢f autcmatic selection

lies in two planes, perpencdicular tc coordinate rlanes x= 0% and

IERST and wvhich pass at angles cf 459 to the arxes.
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Fig. 2.8. Integral distributions of povwer of noise in teleghcre

channel with the doutled recegticr N=2.

Key: (1). Optimum (ccmtiped) addition. (2). linear addition tc u4D.
(3). Linear addition after 4D. (4). Single reception. (5). Ncise
lJevel (8 4B, relative tc pcwer c¢f noise with redian signal cr cne
receiver). (6). o/c tire, during¢ waich is exceeded value, inéicated

cn ordinate.

Fage 78.
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During the linear addaticn, if in first channel ., =0 then

characteristic also will gc in flane Ly Hcwever, since during

the linear addition

Uspt ~ Unp: AR 1 Uags

Yo = = - '\- “235)
)

[¢]
<1

! J

yTLESE T

[&]
"
-]
n-II
w

the slope of characteristic will be determined Ly factor —=. showing

&)

rresence at the input c¢f the systea of the additicn ¢f receiver ncise
vhose signal is equal tc¢ zerc (line C'B). The same will be, if

Cipe=0, but only in plane y:0%  (line C'G). If both signals are
not equal to zero, then locus, which characterize the system of

linear addition, will lie in tne plane, passing thrcugh 0'2 ard 0°%G.

Finally, for the cptimus addicion the lccus cf system will be
the part of the surface c¢if ccne, which is lccated in I guadrant
(FLEO') . This is explained bty the fact that -+ at the output will te

determined by the relaticnshig:

- ] )
U] vl
; apt ap2 =
T E = A 2 5)

a2 on

f directly fcllowing fros (2.40).

l The obtained gecmetric representaticn aakes it pcssitle tc
‘ compare the me*hcds cf ccabinatico with any reans of the proktability

distribution of signals. The twc-dimensicnal differential prctability

f distribution of signals in the chosen cocrdinates will ke the suzface

abcve plane L0 (Fic. 2.93).
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WZ-1lXy  Xj VZxy

Pig., 2.9. Geometric interpretation of differert types of additicn

(a) , range of integraticn two-dimersicnal prctatility density (b).
Page 79,

The space, included retweaa tiae part of the surface and its
orthogonal projection cr glane xO%, is equal to the probakility
cf simultaneous impingesent Umi/}' 2%  and UsmyV 33  into tte range
of values, plotted alcng the cocrdinate axes. This means that the
range of integration of two-dimensional distrituticn will take the
form Pig. 2.9b, which there is a section of Fig. z.%a bty plane,
perpendicular to Xi - The curve aktc characterizes autcmatic selecticn,
dfqge - linear and ahc - cptamum cf additicn., If is assigned certain

value of the ratio of the vcltace cf sigral tc the ras value cf ncise
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at the output of the system cf addition X cr cf the curves of Fig.
2.9b it is possible tc detersine, for what pairs X and X2 |is
reached X: at the different methcds cf comtiration. value X: is
plctted along the axis 0%, It 1s evident that during the cptipun
addition for obtaining X: <n the cutput add systems are required

smaller value X and X» tian wsith cther metkcds. Evident alsoc that

in the relation of signal asglitudes in the branches of diversity,
L
VY2 —1

which lie from V 2—1 to the systemr cf linear additicn tas
characteristics test, tian in autcmatic s<electicn, and vice versa,
cut of this interval tle autcmatic selecticn is better than the
linear addition. If now during the study of the surface of
two-dimensional protatility density it seems that stace, which is
located within the sectcr, limited by the plares, perpendicular *o
Fig. 2.9b and passing tirougo QV ard CM, it is more than outside it,
then system with the linear additicn will give the Lest results, than

autcmatic selection. This is ccrrect, for exasrle, fcr the Bayleigth

law. Otherwise the autcegatic selection is better.

The made constructicn paxes it pcssible tc synthesize thre systern
vhose characteristics are very clcse to the ctaracteristics cf
optimue addition. Let us examine curve afgc, which is determining the
combination, in wvhich in the relaticn of signal amplitudes frcm 0.414
to 2.482(2-1 to pkiﬁéiTj cccurs the additicp cf the signals,

cbtained frcm both brarches of diversity, and with drep in cre cf the
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signals of lower than C.414 occurs the cutocff cf weak signal. Since
the results of integqrating the two-dizensional frrchatility density
for afqc and for ahc will be clcse friend and tc friend, both systems
will virtually coincide in tieir characteristics. Hcwever, the
technical embcdiment of the propcsed system, which can be called
combined, is considerakly sispler than the creaticn cf syster witth
the optimum addition, 7Tte blcck diagram cf the ccpstruction cf the
combined system of pcst-detector additior is analogcus Pig. Z.4b.
Hovever, the device c¢f ccmpariscm in this case is not must simplz tc
compare two signals, bkut to determine their relation and to
disconnect the weakest signal, cnly if its level will be 2.5 times
less than another signal. The ccakbined additicn tc the detectcr is
technically more complicatec than after detectcr, and at the sanme

time it has no advantages.
Fage 80.

Comparing the systems of ccabipation, cne cannct fail to
consider also that during the autcmatic selecticn at the amcments cf
switching signal from coe ftranch tc another, is unavoidable the cnset
cf the transient processes whcse value can be inadmissibly great. In
the system of the combined addition this transient prccess is
considerably less, since tte discctnected sigral is 2.5 times less

than remaining.
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Thus, best methcds ¢ ccmpaipation on the lines CTR they are, in
the first place, linear additicr tc FM detectcr and, in the second
tlace, the combined additicn after FM detectcr. Both these cf methcd

are very used extensively co the lines of LTF.

Let us compare these meétancds Ltetweer thegselves. In faver of the

combined addition after FM detectcr sSfreak the fcllowing advantayges.

1. With work in field c¢f very weak signals, %ith linear addition
and large difference sigral level cutput power of ncises will be

deternined by noises of tcth ra2ceivers, whereas with ccesbination - ty

pcises only of one.

2. Use of linear additicn in FM detectcr with diversity in
frequency requires sufficiertly cciplicated device cf autcmatic
frequency controcl and phases cif added up signals. Hcwever, as it will
te shown Lbelov (see Chapter 5), there are satisfactcry soiuticns of

this technical problem. The comtined additicr after FM detectcr is

technically mcre simgly.

In favor of linear additicn to FPM detectcr operate the fcllowing

factors.
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1. In work [212] it 1is shoan that during linear additior cccurs
considerable expansicn ot effective band widtk cf circuit cf

fropagation.

This can be explaired kty thbe fact tltat during the additicn cf
two or several signals, winich passed the fcur-gcles with the ranics,
but independent frequency cnaracteristics, the spectrum of tctal
signal it will prove tc te that less distcrted (by multiplicative
interference) how the spectrum ot each of the added up signals, while
this means that the total signal seemingly passes fcur-gole with
random, but more uniforz respcanse. Consequently, during the linear
addition it is possiltle tc pass through the line cf DTR wider
frequency spectrum or tc cttain the smaller distcrticns of the
spectrum., This means that during tne transmissicn amultichannel
telephone signals durirg the lirear additior the value cf transient

interferences will be sukstantially less.
2. During transsicssioan ot 1V signals linear addition causes
considerably less than distcrticns and disrupticns cf

synchronization, than ccmtined.

)}, Operating misaliconment cf cirtcuits cf additicn, unavcidable
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in process of operation, it will cause during that ccebined, additicr
of inadmissitly large cscillaticn cf sigral level in circuit
{oscillation of overall line attentation in chtannels), whereas during
linear addition this will causa only certain cetericraticn ir
signal-to-noise ratic a2s a result cf inccmplete realization cf gain

frcom diverse recepticn.
Page 81.

Generally, as show experimental investigaticns, the system cf linear
addition to FM detector is cc¢nsiderably less susceptible to any kind
to operating changes in the circuits of the branches of diversity.
The affact of operating sgisaligpaent on the effectiveness cf the
diverse reception is ctaracterized by the curve cf Fig. 2.10. Along
the abscissa Fig. 2.10 is plctted the relaticn

Yuea __ Unpiwes [ Unpswea

= Vad | Veg

in the branches of diversity. A change in relaticn jiwa/f2wx can

cccur both as a result cf changing the azplification in the circuits
of diversity and as a resuit cif changing noisiness cf the diverse

receivers.
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Fig. 2.10. Effect of oreratiny misalignment cn the effectiveness of

the diverse recepticon.

Key: (1). Crop in the effectivaress of diversity (dE).
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Page 82.
Chapter 3.

FREQUENCY CHARACTERISTICS OF IHE SECTION OF BRALCICWAVE PROPAGATICN IX

A TROPOSPHERE.
§ 3.1. Introducticn.

Oon the tropospheric radic communication links the sigpal at
input of receiver is tte sus c¢f a large cumter cf ccsponents,
re-emitted with the individual beterogeneities cf the dielectric
rarmeability of air. These ccapcnents are prcpagated in the
trcposphere on different paths aod, therefore, they have different
time lag. If k-th cospcrent sigpal has time lag ™ then at the
frequency of transmitter, equal to «, the phase of this ccmpcnent is
equal to wi.~¢.. where . - time cf reflecticer ccefficient frcn a
k-th of heterogemeity. Sigumal at the input cf receiver is equal tc
the vactor sum of the sefarate delaying cosgcnents, which is
illustrated by vector éiagras Pig. 3.%a. With a change in the

frequency cf transmitter cn Aw the phase of k-th cospcnents will

——
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become equal to (w—lw)T.~%n di,@. with a change in the frequercy cf

transmitter change thte gtases ct all ccmgconerts ¢f signal !,

FOCTNOTE !, With a charge in the frequency ¢f transmitter, generally
speaking, change alsc the aazglitudes of separate compcnents, since
the coefficient of reflecticn of radio waves frca the hetercgeneities
of the troposrhere derends cn tike frequency (see Chapter 1). However,
with the ssmall relative charge the frequencies cf the transaitter
(order lo,0) of the amplitude cf the components cf signal virtually

do not change. ENDFOCTRCIE.
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Pig. 3.1. Change in amplitude and gphase ¢f tctal signal at tke ingput
cf the receliver of tropcsgheric lime with a change in the frequeacy

¢f transmitter.
Page 83,

Respectively will change amglitude and phase cf total signal at the
input of receiver as ttis shcwn in Pig. 3.1t. Thus, as a result of
the multiple-pronged radiowave frcgagaticn in the trcposphere signal
at the input of receiver has different asplitude and phase at tthe
different frequencies; ftrttermcre, a change ir the fphase is in
general disprcportionate tc a chamge in the freguency. Conseqguently,
the section cf radiowave proupagation in the trcpcsphere can te

considered as certain linear fcur-pcle with tj rcnuniform the

amflitude-frequency and mcnlinear phase-fraquency by characteristics.

Intensity and location cf hetercgeneities in the troposphere

continuously change durirg randcesly; resgectively they change
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amplitude and time lag cf the separate ccmpcnents of wrultigle-prenged
signal. Therefore the fcrm cf the amplitude-frequency and
thase-frequency characteristics of the secticp c¢f trcpospheric line
also continuously and randcaly they change. In cther words, these

characteristics are the iandca functicns cf freaquency.

Curing the transeissicn alcng the tropcspheric lines of the
modulated signals the ncrunifcrasity of the aszplitude-freguency and
the nonlinearity phase resgcnse cause signal éistcrticns. With
multichannel telephony apg¢ar transient poises in the channels, with
the television is lost tte clearness and it appears "plastic" on the
image, during the transsissicn cf digital infcrzaticn are distcrted
"telegraph™ iaspulses arc is lcst acthenticity. Sipnce the fcrz of the
frequency characteristics of secticn continucusly changes, then value
and character of these distctticms also change randcmly. In tte
incorrectly designed trcgcspleric ccamunicatirg systes signal
distortions due to the sulti-taaam character c¢f fprcpagation can be
considerable, Therefcre tae analysis of the asgplitude-frequency and
rhase-frequency characteristics cf the secticn cf trcrospheric line

has great practical valus.

Since the frequency characteristics of the secticn cf

trcpospheric line are the ramdorm functices cf frequency, then their

analysis should be carried cut the mathesatical methods c¢f the thecry
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of random functions. Tte thecry of randos functicns is most
completely developed in connecticn with ty the randce functicns cf
time - to random processes. In particular, ir radio engineering are
sufficiently well studied the randcm prccesses, which are the
fluctuaticn noises of radio engineering equigment [3.1-3.3). The
static characteristics cf multiple-pronged sicnal at the cutgut of
the secticn of tropospheric line have much ir ccmmon with statistical
characteristics fluctuation nocise. Por this reascn in the numerous
works, dedicated to the analysis cf the frequency characteristics of
the section c¢f tropospheric line, are used extensively the

relationships of the ttecry cf ftluctuaticn rcises 1!,

FOCINOTE !, These relaticnshbifps are applied alsc during the study of
the characteristics of cther aultiple-prcnged channels - with
radiocommunicaticns with the use cf ionospheric scattering of
ultrashort waves and duriny the use of the mccn as the fpassive

commrunications relay. EMCFCCINOTE.
Fage B84,

However, one should have form that the analcgy between the
fluctuaticn noise and the siynal with the multiple-prcnged structure
exists only in a sense and the arbitrary transfer of the positions ct

the theory of noises tc the nmultiple-pronged s=ignals can lead to
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errors. Therefore in the beginning of this chapter triefly remind the
reader of some relaticrships c¢f the theory c¢f fluctuation ncises and

further let us show how tnese relationshigs they can be used for the

analysis of the frequency characteristics of sultiple-rrongec

channel.

¢ 3.2. Generalization cf scme relationships cf the thecry cf
fluctuaticn ncises fcr the signals with the rultiple-pronged

structure.,

Pluctuation noises. Fluctuaticn noise is staticnary ncruaal
randowm process. If is specific k-th realizaticn c¢f this process :i.o
(i.e. noise at the outfpit of specific radic ergineering equipment)
and the valuas of this realizaticn are kncwe in enptire tise ipterval
from —: to - =, then car te fcund the cowpcsite sgectrum of this

realizaticn 5. amorecver : . and S (2) are ccnnected with the rpair

3

of Pourier transforms, i.e.,
=
S = L onenem®an

1
i = —

S, (e 3.0
22

——3%

le

¥he composite spectrum f£¢r ancther specific realization cf noise
vill take already anctker fcrm. The spectral ccagosition of
fluyctuation noise as a whole for all possible realizations is

determined by energy sfectrus G{%&). Energy spectrum is cbtained as a
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result of averaging on all pcssible realizaticns 2 cf the square

godulus c¢f the composite spectrum of these realizaticns, i.e.,
Ciy = Sk (3.2)

FCCTNOTE 2, In the literature tkte energy spectrum is introduced
usually as the result cf averaging on the *ize c¢f the square godulus
of the current spectruz cf cne realizaticn. #e used here averaging ¢n
many realizations, which fcr the stationary frocess gives the sanme
result. In this case tc more easily estaltlist analogy with tte
sultiple-pronged signals; ncwever, are here assumed tc be kncwn ones
all values of noise in tte time interval frce ~« to +¢=; this

assumption is, naturally, the mathematical ticticn. ENIFOOTNOTE.

Enargy spectrum gives cmly the averaged gictere cf the energy
distribution of noise according tc the freguercies cf elementary
harsonic compcnents and it dces nct consider rhase displacemerts cf

these coaponents,
Fage 8S.

During calculaticns it is convenient to use tte standardized energy

spectrum which is detertined frcs the fcramula
Gi{Q) ,
(%) = G (3 3¢

The static dependence Letween the values cf fluctuation noise at
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the moments of time t and t+r is characterized Lty correlatior
function by time. Prequertly is utilized the normalized correlaticn
function, which is callec¢ alsc the correlaticr ccefficient. The

correlaticn ccefficient Lty time is deternmined frcm the formula

u(t)u{t-—1)

u (¢)

R(t) = 3 4

According to the tkeorea of A. Ya. Fhirckin the correlation
functicn c¢f the time arc¢ the energy spectrum cf fluctuaticn rcise are
connected with the pair ¢f Fcurier's transfcres. The respectively
normalized correlaticn functicn and the stardardized energy sgectrum

are ccnnected with relaticnships [ 33]:

| R (t)cos Qudr
g(Q) = —————, 35

ijmr
Q

| g(Qecosrdq
R(Y) = — . (3.6}
| g@aa
3

In radioc engineering frequently is necessary tc deal ccrcerning
the fluctuation noise, wkich passed through tand-pass filter with the
central frequency wy, and the passtand, much less than central
frequency. In this case fluctuaticr noise it is convenient tc present
as the gquasi~harmonic cscillatico wshich takes the fcrnm

4 (&) = U () cos fwe ! ~ @ (], 3.7)

wvhere U(t) - random amgplitude !, and @) - randcm thase of this

mihsistheibonniiais
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fluctuaticn.

FCOTINOTE . In the literature U(t) they fregquently call also

“anvelope" of fluctuaticn noise [3.1-3.3]. ENCFCCINCIE.

Central frequency it is expedient to select fcr the equal abscissa cf
the "center of gravity" cf energy spectrum cf ncise as the plane
figure, i.e., wg it is deterwmined froa the fcrrula:

we

=
j wgwde
= _: (3 8)

| g@do

Fage 86.

To the representaticn of fluctuaticn ncise in the foram (3.7)
corresronds its vectcr isage, sbown in Pig. 3.2. With this izage the
instantaneous value cf rpcise u(t) is equal tc the prcjection cf
vector with an amglitude of U(t) ard phase ¢ cn the axis, which
rotates vwith the circular velocity wg. From Fig. 3.2 it directly

fcllous that

Uiy =V Py — Q). (3.9)
Q)
== afo iz , 3.10
P (L) =ar 350 { )
vhere P(t) and Q(t) - frrcjections cf vector tc the moticnless

coordinate axes.

T S A

TN 9 13- s 7 g £ r Lot

:
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Processes P(t) ané ({t) bhave the ncrmal law c¢f probatility
distribution and the sameé energy sgpectrusm, as the instantanecus value
cf noise u(t), only the center of this spectrus is transfarred frce
the frequency wg tc¢ the zerc frequency. Frcm the thecry of
fluctuation noises it is alsc kncwn that the ccrrelaticn ccefficients
in time c¢f processes P (t) and ((t), equal tc each cther, are

connected with the starcardized energy stectrem, disclaced fcr the

zero frequency, relaticnship [(3.2; 3.3]:
| g@cosraq
Rp(t} =Ry (1) ===
| g@ade
\4_“\ ere Q= w—w,. (3'1 1)

The coetfficient ¢f cross ccrrelatior fcr prccesses of P (t) and

Q(t) is determined by the relaticaship

| (@ sinQrdQ

‘QPQ\t) =1___—“‘_' N (312)

¢

le

g0

o

from which evident that at the ccinciding mosments of time P(t) and

G(t) betveen themselves they are¢ nc¢t correlated, i.e.,

Rogt0) = 1. (3.13)
With the symmetrical relative to certral frequency energy
spectrum (i.e. with the symmetrical relative tc zerc frequency

displaced spectrum) frcew (3.11) and (3.2) it fcllcvs that

-

| £ QicosQrudQ

Rp ot =R, T = 3.14)
o

lg@yde
3

Rog ¥y =9, 319
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Pig. 3.2. Vector image cf fluctuation noise as quasi-barmonic

c¢scillation.

Fage 87.

With the static properties c¢f prcceésses E( t) and ¢ (t) indicated the
amplitude of the quasi-terscoic cscillationm U{t), ccnnected with F(t)
and Q{t) with relationsbip (3.9), 1s distrituted acccrding tc the law
of Rayleigh., The density of distritution of prctaktilities fcr the

fayleigh law takes tte fcrs [3.2; 3.31:

o
= T .

and the integral lawv c¢f frotability distributicn - the form

[
I

Flu<lU)=e , (3.17y

(3..6r

vhere 242202 - the mear square cf amplitude.

Is frequently exawined alsc the ccatined passage through the

filter of fluctuation rcise and regqular sine wave with an amrlitude
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!

of Uy. In this case the aaplitude cf total signal is distrituted

according to the generalized BRayleigh law, the density of

wn |(_‘\
distributicn cf rrotabilities fcr ~ takes the form
—U.%'g IL‘ AY
W(bv) = %_e 234 ". A'\uco ’1 s (3‘.8)’

vhere I, - a Bessel functicn of imaginary argument. The integral
generalized Rayleigh law cannct Le expressed in the analytical fcrr
and it is usually assigned graphically. Curing Fayleigh distrituticn
for the amplitude its ccrrelacicn coefficiert is determined frcm

forpula [3.1)]

Ry (1) = 0,921 p* (v) = 0,0876 p¢ {r) + 0,044 p# (%),

r
(]
)

~

or according tc the aprrcximaticn formula

Ry (v) & pt (1), {3.20
vhere

p’(f)=R,’,(r)+.’\’§Q(r). 3.20)
With the combined passage through thy filter cf fluctuaticn rcise and

regular sine wave the ccrrelaticn coefficiert fcr the tctal azplitude

is deteramined frcm very ccaplicated formula {z.2; 3.3]. The
approxinmate simple expressicn fcr this case cttained in [3.4] takes

—S8

the forn 2e
Ry (t) ~ [p{7)] ' 3.22)

UT
vhers S'=—r - ratio cf the power of signal tc the average power cf

23

noise. The phase of quasi-baracnic oscillaticr (3.7) is distrituted

evenly in the limits frcm 0 to 2s, i.e., has rrctatility density

W (D) = . 0w .2z (3.23)
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The approximate sieple expression fcr the coefficient cf

correlation of phase ottained in [3.4] takes the fcrm
Ry () me p*% (). .24

Page 388. ff Quasi-harscnic oscillation (3.7) can be examined just
as cscillation with the randcmly ipstantanecus frequency ugtlw(t),
moreover frequency wg, it is convenient tc select for the equal
abscissa of the "center c¢f gravity" of energy stectrun, determined
according to formsula (3.€&). The deviation of the instantanecus
frequency from wy the egually derived phase with resgect to the tinme,

i.e. 2
! dw ) = '—T' . \3.23)

poreover phase is ccnnected with P(t) and ¢ (t) with fcrrula
{3.10). During the symeetrical energy spectrus and the normal
distribution of gprocesses of B(t) and Q(t) the frcbatility density
for the deviations of the instactaneous freguency takes the fcrnm

[3.2; 3.3) ,
¥ i) =
3

(3.26)

uy

and the integral law c¢f frokability distributicn for the atsclute

valuelAuk

.:'_ Aw < _\w) =

(3.27)




/
LOC = 80025106 EAGE 16’}7)

Here Aw; -~ average value fcr the absolute (cn the sign)

frequency deviaticn, i.e.,

Aoy = dw (V. .(3.28)

Value Aw; is equal to the "radius of irertia™ cf energy noise

spectrum as the plane figure and 1s determireéd frca the fcraula

(3.29)

vhere Ql=w-wg; wg - central frequency, determined acccrding tc¢ foramula
(3.8) . the average significance of a deviaticn cf frequency frcm wq
is egqual to zero; the rean sguare c¢f these divergences is calculated

be it cannot, since the ccrresgcending integral diverges.

Multiple-pronged signals. 18t us now mcve cn t¢ tine exaginaticn

of signals with the multiple-grcnged structure. Signal with the
mu itiple-gronged structure is called signal at the cutput cf the
coasmunication channel wvith tke sultiple-grenged (sultipath)
propagation of electromagnetic energy during the supgplying tc the
input of the channel of sinuscidal oscillaticr with the frequency wg;
it is assumed that this chancel is linear fcur-gole has the randonm
tarisetars, The dependence of asplitrdes and phases of separate

* ~nen*s >f snltiple-frcnged sigral on their tise lag is

v e, o yt-gsly, ry the ccmpcsite pulse reaction cf channel

s>y

i
]
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S(r), i.e., by response to the cutput of multigle-pronged channel,
during the supplying tc its input cf "radio fpulse" with the frequency
wg and the amplitude, wtich is changed acccrdirg tc the law c¢f

S§~function 1.

FOCTNOTE t. In the literature fpulse reacticr (cr fpulse transfer
function) usually is called ithe response to the cutput of four-pole
during the supplying tc its input of the impulse cf direct current
{3.5]; response to the irmpulse with the high-frequemcy filling (radio
Fulse) in the literature occasicnally referred tc as pulse reacticn

on the envelope [3.6].
Fage 89.

Actually for the aultijfle-prcngéd channel this respense consists cf
the series/row of the delayed pulses which have asplitude and thase
of filling corespond tc asgplitudes and tc phases cf the separate
components of output multiple-pronged signal. Fcr the estimate of
distortions in the comsupication channel it is pcssitle tc utilize
the composite transfer functicn cf channel shich characterizes a
change in amplitude and ghase cf cutput sigral with a change in the
frequency of input sigral. Ccmgcsite transfer functicn can te
recorded in the exponertial tcra

K(Q) = K (Q) &®® (3 30%
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¢r in the algebraic forx

K@ =20~ 3.30)
moreover
K@y =) PP -3 W) . 3 52
¢(Q)=Jwigi;g;- (3 33y
Moreover K| - asplitude-frequency, ard ? % -

phase-frequency cf the characteristic of the channel; P () ard Q(Q) -
with respect real and isaginary part cf the transfer functict. Fcr
the the specific k-th realizaticn of the randcm parameters of
sultifple-pronged channel its coaposite transfer functicn and
composite pulse reacticn are comcnected with the pair c¢f Fcurier

transforas [3.5]:

o

K (Q) = ) Sante st
! (I :H‘n
o i
Sefr) =—— | A;@‘i‘aﬂi
Lot us recall that 1n this examinationn Z:7) - response tc the

effect of radio pulse sith the traguency wy. fhecrrcre in (3.2Z) Q is

detuning relative to frequency eg, i.e , G~e=ag.

Let us determine rcw, what oi logy cccurs tetween the
fluctuaticn ncise and tbe sultijle-pronged signal. Fcr the srecific
realization of fluctuaticn noise the dependence of asplitudes and

rhases of elementary harascpic ccagpcnents cn tte frequency is




’
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determined by the compcsite spectrum S(Q); fcr the specific
raalization of aultirple-pronged channel the dependence of amplitud=s
and phases of the serarste ccoapcnents of signal at the cutput cf

their time lag is detersined Lty the compcsite pulse reaction S(rj.

The specific realization of fluctuatiocn ncise and its ccaposite
spectrum are ccnnected with the pair of Fcurier transforms (3.1). For
the specific realizatico cf multigle-pronged channel ccempcsite
transfer function and composite pulse reacticn are ccnnected with the
pair cf Pourier transfcrms (J.J4). Consecuently, for the transfer
function of multiple-prcnged chanpmel pulse reacticn rlays the sane
role, as the spectrum fcr the fluctuaticn ncise. However, in the
examination of one realizaticn still there is rc complete analogy
between the spectrum of tluctuaticn ncise and the pulse reaction of
multigple-pronged channel. Actually the "spectrue® 1 cf ccampcsite
transfer function is ottained froam it with the aid ¢f the direct
Pourier transform, while the fulse reacticn S(r) is cbtained from

K(Q) with the aid of irverse transformaticn c¢f Fcurier.

FOOTNOTE !, Here and thrcugyhout wcrd the spectrum is placed into the
guotation marks, since discussicn ceals with the spectrum for
functioning the frequency, but cot the functicn cf time, as this

usually has the place in radic¢ engineerirg.

Page 90.
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Thus, the composite "srectra” ot fuanctions K (L) and S(r) are
characterized by sign wita the isaginary part, i.e€., have identical
moduli, but different ghases. TLke analogy indicated will be, however,
complete, if we examine pct cne realization, tut fluctuation noise
and multirle-pronged ctannel as a whole. The spectral structure cf
fluctuation ncise as a whbole tor all possible realizaticns is
characterized by energy spectrus G (0); fcr the characteristic of
sultiple-pronged channel as a whbcle it is pcscsikle tc introduce the
energy pulse reaction which is cttained as a result cn all pcssitle

realizations of the square mcdulus cf pulse reaction, i.e.,
G(v=1S{ni. (3.35)

During calculations it is convenient tc¢ use the standardizaed

energy pulse raaction wtich is ceterained frca the fcramula
Gz
gir) = % (3.35
2t 0 (3.39)
A similar to energy spectruam enerdy pulse reaction characterizes
only the averaged energy distrilbution accordirg to the delayirg

components and does nct ccrnsider tte phase stifts between thern.

Above it was shown that for cne realizaticn the "sgpectrua" cf

transfer functicn to tte pulse reaction cf asuvltigple-prronged channel

they ccincide in the mcdvius. It is obvicus, the same mcdulus have
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the "spectra" P(0Q) and C(U), i.e., the real ard imaginary parts of
the transfer function. Therefore according tc (3.2) the energy pulse
reaction of multiple-prcnged channel with the random parameters is
the "energy spectrum®™ fcr real and imaginary parts and transfer

function 1.

FOOTNOTE 1, Por the cospcsite function it is pcssible tc speak only
about the energy spectrus of real and imaginary parts, since for the

complex quantity concapt "energyj" is deprived cf sense. ENDFCCTNCTE.

Cf this consists the aralcyy tetween the fluctuation noise and the

sultiple~pronged signal, frcs which follcws thkis rule:

during the analysis of the transfer functicn of multiple-pronged
channel vith the randos garameters it is possitle tc use the
relationships of the thecry cf fluctuaticn rcises, after replacing in
these with relaticnshigps time by the frecuvency and the energy noise
spectrun G (2) for the eperyy pulse reaction cf the zultiple-grcnged

channel G (7).

The rule indicated s»ill be used for Jdetermining the static
rroperties of the transfer fuancticn of multiple-gronged channel angd,
in particular, section ¢f radiowave propagaticn in the troposthere.

First of all, let us determine the static dependence tetween the
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values of the real part ¢f the transfer functicn of multigle-pronged
channel at frequencies « and «+{, This statistical dependence is

described by the correlaticn coe€fficient in thte frequency, which is

determined by the relaticnshig

2l P~ )

= (3.37)
<

R Q=

FPor the energy pulse reactica it is expedient tc intrcduce the
concept of the "central" time lag, equal tc tke abscissa of its
center of gravity as the plame figure. Anralcgcus with the cen*ral
frequency cf spectrum (3.8) this central tize lag can be determined

according to the formula:

EYY

Vrg(tide

—

tu= —_— (338)

| gmdr i

—g

Eage 91.

Then, by analogy with (3.11) the correlaticn coefficients in tthe

frequency for the real and isaginaty parts cf the transfer function

P(1) and Q(Q) they are ccnnected with the epergy pulse reacticn whcse

center is displaced to the zero time lag, ty the relaticnshig/ratio

g(n)cosQrdr,

&‘-":8

Rp(2) =Ry () =

,_
(3
I
e

~

5 g(n)dv

—0

vhere r,=v-rq4; r, it is dotermined according tc¢ forsula (3.38). The
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coefficient of cross ccecrrelaticn for random functions P(Q2) and Q(G)

by analogy with (3.12) is detersined by the relationship
j glx)sinQndr

—c

RPQ(Q) = o - (3.40)
[ gman
frcm which it follows that
Rpq(0) =2, : (3.4)

i.e. values P(Q) and C (L) are nct correlated at the ccincidirg
frequencies. If enerqgy [ulse reaction is syemetrical relative to its
central time lag, detersined according tc formula (3.38), then frcm

{3.39) and (3.40) it fcllcws that

j Z(v)eos QT d vy

Rp (Q) = Rq (R) = ———————— 13 42
l g(r)dn
]
and Rpq(Q) = 0, 3.43)

i.e. values of the real and imaginary parts c¢f the transfer functicn
they are not correlateé tor amy trequencies. The prcjecticns cf the
amplitude cf total signal on the cccrdinate ares, ccnsidered as the
functicns of ¥requency, depict, ctkviously, the real ard imaginary
rarts of the transfer furcticn cf asultiple-grcnged channel (cn the

specific scale). Prom Fig. 1 it follovs that

P(Q) = \" U €08 {QT - Pu)

K-l

(3.44)

)
Q(Q) = V Uy $in (Q1, + @) 1
J

x-l

AR YA 7S COT e 71 AR I S, 14 612 BNy YO Yo e

B S e T Y T




DCC = 80025106 FAGE 1,‘(/{3

Let us assume now that the signal at the output of
sultigple~-pronged channel is created by a large quantity of uriforn

reenitters, morecver sigpal aaplitudes, reflected frcm these

reenitters, are statistically nct depended, and the phases of signals

evenly distributed in the linmits from 0 to zw.

Eage 92.

Under the assumptions cf value F({Q) and (({fl) indicated are the sunms

cf a large quantity cf inderendeant and egually distrituted ccmponents
with amplitudes of U. ard tise lags © Ccnsequertly, according tc
central limit theorem tkte probatiliity theory (tc lLyapunov theoren)
values P(Q) and C(2) are distriktuted acccrdinc tc the ncrmal law
[3.2; 3.3). Since the thases cf coaponents ¢« are distributed evenly
from zero to 2», then 2ll ccaposed and, consecuently, alsc values
P(9) and Q(Q) have zerc average value. Furthermcre, as it was shcwn
abcve, P(Q) and ¢(1) between themselves were nct correlated. From the
thecry of fluctuation rcises it is known [fcr 3.2; 3.3], that with
the statistical fproperties of valueés F(U) and ( (L) indicated the
' values of amplitude -frequency characteristic of multiple-frcrged
channel, ccnnected with EF(G) and ¢ (U) with relaticnship (3.32), are
distributed according tc tbe law ¢t Bayleigh, i.e., have density
trctabilities (3.16) arnd iantegral law cf prctetility distrituticn

(3.17). The values of the phase-frejuency characteristic, ccrnected

. 0@ —
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with P(Q) and Q(Q) with relationship (3.33), are distributed evenly

frcm 0 to 2w, i.e., they have a prctatility density (3.23).

Curing the Rayleigh distributicn fcr the values cf the
amplitude-frequency characteristic the ccrrelaticn coefficient
tetween these values at frequencies w and w+l it is aralogcus (wittk

3.19, (3.20) and (3.21) it can ke determined according to the

formula R, 1) =0.921 9 (Q) + 0.05760% (Q) = . . .. {3.49)

cr according to the aprrcximaticn foramula
R, %) o7, : (3.46)

vhere
p?12) = R3.Q) + R (. (3.47)

Besides the randcs compcnerts, at the cutput of multiple-grconged
channel can be present alsc regular component with the permanent tinme
lag and with a permanert asplittde of Uy. Ir particular, this
situation can occur during the remcte trcposrteric prcpagaticn of
VHF, when at the input cf receiver is recgular ccamponent, caused by
refraction or reflectico frcm irversicn layer. This case is aralogcus
to the conmtined passage thrcugh the filter of fluctuation noise and
reqular sine wvave, Therefore wheén, at the output, the
sultiple-pronged channel of reguliar ccmgcnent is present, the
asplitude of total signal 1s distributed acccréing tc the gereralized

Rayleigh law, i.e., has frotability density (3.1£); the intecral law
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cf probability distributicn is assigned graphically [3.2, 3.3l

The correlation ccefficient in the frequency fcr the values cf

the amplitude-frequency characteristic ir the gresence cf regular
cozponent analcgous (with 3.22) can be calculeted accerding tc the
apgroximation foramula

R ) > ip (Qu"_s' , (3.48)

where p{(1) is determined by relaticmnship (3.47); S2 - relaticn cf the

tover of regular component and mean total power of the scattered 1

components.

The correlaticn ccefficient Lbetween the phases of signal at
frequencies w and w+fl can be calculated accecrdirg tc formula (3.24),

vhere p(Q) is determined ty relaticnship (3.47).

Por the evaluaticr ¢f signal distcrticrs in the multiple-pronged
communication channels iasportant value has the derivative of the

rhase~frequency characteristic c¢f this cbannel, which is usually

called "grcup time lag" 1.

FCCTNOTE t. Sometimes also is utilized term "the grcup fpropagaticn

Q ’ time. ENDFCOTNOTE.
!

In the theory of fluctuation noises tc groug time lag corresgpcnds,
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cbviously, instantaneous frequency, as the derivative of the rhase cf
noise on the time. Pcr the evaluation of distcrticnes and
pultiple-rronged channel importantly not value itself . and

.

divergence "» from the central tiae lag which are called the

fluctuations of the grcup time c¢f prcpagatice A,

Fage 93.

If central time lag is defined as the abscissa cf the center cf
gravity of an energy-tfulse reactica according tc formsula (3.38), then
in the presence of the symmetrical pulse reacticn prctatility density
for the fluctuaticns c¢f grour time lag by aralcgy with (3,26) takes

the forn \ 1

(3.49)

The integral law c¢f protability distritutice fer (3%’ by
analogy with (3.27) takes tte fcra

1
Flarm| < &ATrp)= ——————— . 13.50)

Here Av, - mean value for the absolute (¢n the sign) value cf

fluctyations, i.e.,

An =TT 3.5

By analogy with (3.43) Ar, egqual to the "radius cf inertia" cft
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energy pulse reaction as the plane figure it can te calculated

according to the fcrsuls

=
| rig(rdn

—c0

[95)
Ui
t,

2
ATt =

—.8

) grldn

é<

wvhere r;=vr-rgy; 7o it is determined according tc formula {3.38).

Mean value of the fluctuaticns of the grcup prcpagatican tiue is

equal to zero. The meapr sguare c¢f these fluctuaticns is calculated te

it cannot, since corresgcndiny integral diverges,

Concluding the examination cof the analcgy Lketween the
fluctuation ncises and ttle lulti;le—ﬁronged signals let us tcuch cne
additional question. A1 relaticnsbips fcr tle transfer functicns cf
rultiple-pronged channel, given in this =ecticn, are correct cnly
during the normal prcbatiiity distributicn fcr the real and imaginary

garts ¢f the transfer furctico k(L) and ((¥).

Normal distributicn for E (L) and Q(f) ip this examinaticn was
cbtained from formulas (3.44). It fcllows, hcwever, it rememters that
exfressions (3.44) for E(Q) and ({L)correspcrd to the sc-called
"incoherent® scattering c¢f radic waves on the discrete reemitters.
But, as shcwn in Chapter 1, inccherent scattering is cnly the

simplified model of the rezcte trcpostheric grcpagaticn of VEF. In
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actuality the mechanise c¢f this prcpagaticn is wcre ccmplicated and
in general at the ocutput cf the secticn c¢f prcragaticn is not a
discrete, tut continuum cf signals, hcw converiently which differ
little in the time lag. Theretfore in general exgressicns (3.44) fcr
E(Q) and ¢ (Q) must te reccrded in the fcrm ¢f irtegral susms,
€lementary terms in these sups can te degfendent and distributed not
identical., thus, Lyaruncv thecreém here is nct arrlied, and tterefcre
there are no foundaticrs fcr asserting that F (L) and C(RQ) will be
compulsorily distributed acccrdiepg t¢ the nc¢rzal law. However, witn
satisfacticn of the specified ccnditions the sum cf a large rumbter cf
terns is distributed ncrwsally [ 3.2; 3.3) and sith defpendent arnd
different of distributed terms. However, to estatlish that during tte
tropospheric propagatico ¢t VHEF these corditicrs are satisfied, very
cemplex, Por this it is necessary tc knov the statistical prcgperties
of the separate compcnents ¢f multiple~pronged signal, meanwhile the
study of the signals, re-emitted with elementary cnes they are

distributed normally.
Fage 94,

Nevertheless, fcr detersining signal distcrtions on the
tropospheric lines of ccssunicaticos nevertheless it is pcssitle *c
use the relationships civepn in this section. The fact is that +=a

Rayleigh distribution fcr the sigoal amplitude at ¢te c.*+:
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section of tropospheric gropagaticn experimertally is ccnfirmed for
the majority of the used in practice routes, is experimentally
confirmed also that the ghase of signal is distrituted evenly in tre
limits from 0 to 2». But Bayleigh distriruticn for the signal
amplitude and uniform fcr the phase can cccur cnly during the ncramal
distributicn for P(91) amé ¢ (G). Put this, ip turn, it means that fcr
the transfer function cf multigple-pronged trcpcsgheric channel will
be valid the given akcve relaticnships. let tvs recall that ttese
relationships are obtained under tke most gereral assumptions about
the pulse reacticn of channel, which for all cr scome realizations can
be continucus function r. let us ncte also that ¢n ccomparatively
short and marine rcutes for tae signal azplitude experimentally is

confirmed the generaliz2ed Rayleigh law.

§ 3.3. Prequency and phase resgcnses c¢f the secticn cf troposgheric

line.

In this section will te examined the statistical properties cf
the amplitude-frequercy and phbase-frequercy cltaracteristics cf the
section cf trecpospheric line. The analysis cf the statistical
properties of these characteristics will be carried cut for tte
trcpospheric lines, interded for multichanpel telephcry and
television. As has already Leen indicatéd, cn such lines the length

of section does not exceed :5C-3C0 km, anc the width cf radation
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rattern of antenna comfrises anct scre than 1-159,

Energy pulse reacticn c¢f the secticp of line. In § 3.2 it was

shcwn that the statistical prcoperties of the f-equency and fhase
rasponses of the secticn cf trogcsgheric line can be determined, if
is known the energy rpulse reaction of this section. Thus, it is first
cf all necessary to find exgressiom fcr the erergy pulse reaction cf
the secticn of line, i.e., the cegpendence of the mean power of the
conmponents of multiple-fpronged signal on their time lag. Total

ay ltifle-pronged signal at the cutput of the secticn cf line is
created as a result of the re-esmission of electromagnetic energy by a
large quantity of hetercgeneities cf the trcpcsghere. In this case
the signals with the idertical timse lag are re-esitted by a whole
saries of the heterogeneities, located on the surface whose all
points have the identical suas c¢f distances ¢f the trapsmittirg and
receiving antennas. For determining the shape of surface of "equal
time lag" let us examine Pig. 3.3a and b. Fig. J.3a shows the secticn
of the section of trcpcsgheric line by tke gplane, passing thrcugh the

center of the earth anc¢ the line, which connects the points cf

reception and transmissicn ( "section alceng thke rcute"). The pcints,

which have identical tctal distance of the transmitting and receiving

F

| ’ antennas, in this plane are located cn the elligses with the foci in
! peints of reception and transsissicn; saveral such ellipses are shcwn

| in Pig. 3.3a.




DOC = 80025106 pace o |4 ‘

Page 95.

Fig. 3.3b shows sectior fpergemdicular to route. In this plane the
points with the identical tctal distance cf tte transmitting and
receiving antennas lie ¢n the circunferences whcse centers arce
located on the middle cf the cut Letween the pcints cf transrission
and reception (pcint 0 in Fig. 3.3a and k). Several such
circunferences are shown in Fig. 3.3b. Thtus, "surfaces with the equal
time lag"™ are ellipscids cf rctaticn witt the axis, passing through
the pcints of reception and transsission, and with the foci at these

points.

Further during the determination of tbe rulse reaction it is
necessary to keep in miré that the signal at the recertion is created
cnly by those heterogeneities whkich they lie within the linmits of the
ngpace of the scatterirg", foraed ty the intersecticn of the
radiation patterns of the transmitting apd receiving antennas. The
section of the space of scattering by secticn plane alcng the rcute

has a form of quadrangle and is shcwn in Fig. 3.3a Lty twin circuits.

Usually on the trcpcspheric center lines cof the antenna

radiation patterns they are raised relative tc hcrizcntal line to the

.
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small angle of orxder of 1-29. Therefore, as can ke seen frcm Fig.
J.3a, section plane of the perpendicular to rcute cuts tha ccne cf
the antenna radiation rattern at argle relative tc axis, close¢ one tc
90°. Consequently, the secticn c¢cf the space c¢f =scattering by this
Flane virtually has a fcra of circle with the center at the gcint cf
intersection of the axes of radiation patterns (strictly speaking,
this section it has a fcrm of elligse with the ratic of axes, by
clcse one to the unit). This circuaference is shcwn in Fig. 3.3t by
twin circuits. During the detersiraticn cf enerqy pulse reaction us
interest only those secticns of the planes with the equal time lag
vhich 1lie within the sgpace of scarttering. Fig. 3.3a and t tthe

secticns of these secticrs shcows by thick lires.

————
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Pig. 3.3. Surfaces witt equal sigral lag: a) section alcng the route,

t) section is perpendicular tc tcute.
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Fage 96.

Curing the determinaticn of epnergy pulse reacticn it is
necessary to know the rzean power of signals witk the data Lty time
lag. Th2 power of signals at the rccepticn deperds ¢n that, ip what
Fart of the space of scatterimg is located tke re-awmitting
heterogeneity. The hetercgeneéities, located ir the area cf tte
intersection o0f the axes cf the raciaticr patterns cf the
transeitting and receiving actennas, create tte sigrals cf larger
intensity than *he hetercjeneities, located cn the perighery cf the
srace of scattering. This is detersined Lty the directivity of the
transmitting and receiving artennas, Furthermcre, tte
hetercganaities, lccatec¢ in tte lcwer part ¢f the space of
scattering, be%*er re-egit snercy than hetercgeneity in the ugprer
part of the space. This they expect enerqy, ttan heterogeneity in tre
upper vart of the space., Tkis 1s exgflained, szairly, ty an increase in
the angle of "scatterinc¢®" with the height. The angle ¢f "scattering®
incrzases also, if hetercgeneities are lccatec "tc the right ard tc

the loft" cf the directicn ¢f maic antenra radiaticr. Thus, the

enerqgy pulse reacticn ¢f the secticn cf trcpcsgteric line is
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determined by the gecmetry ¢f surfaces with the equal time lag, by
the geometry of the srece of scattering, bty the antenna radiaticsa
pattern and by a change in tte acgle cf the vdicesiraticn” of
electrcmagnetic energy. In general the ccmrutaticn cf energy gulse
reaction is fairly ccmplicated prcotlem, For ¢this it is necessary *c
conduct intagraticn for the surface cf ecual tisme lag in the limits
cf the srace of scattericg takirg into accourt the directivity cf
antennas and change in thke scattering angle, Hcwever, for the real
tropospheric lines, intended for multichannel telephcne and
television, this protles it is pcssible sutstartially tc simplify, cn

the basis of the fcllcvwirg ccrsideraticrs:

1. On the real trcpcspheric lines thke altitude cf the space cf
scattering by the Bartl ccepcses several kilcreters, and the distance
tetweaen tha pcints of recepticn and transmissicn - several hundred
kilomataers. Tharefores in the elligses with the equal time lag,
depictet in Pig. 3.3a mircr axis such less than the distance tetweern

the foci 1t,

PCCTNOTR 1, Figure 3.3a fcr the clarity is sade withcut the

chservance of scale. BSCFCCINCTIE.

In cther words, these elligses are strongly elcrgated alcng the

route, and therefcra tleir cuts ip the 1ipits ¢f the srace ct
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scattering can be replaced with the cuts of straight lines. Cun the
tasis of the geonmetric ratics ot Fig. 3.2b, it is pcssitle tc shew
also that at the lengtt cf sectiop 250-3CO0 k= apd directivity of
antennas cf 1-1,52 circular arcs with the equeal time lag, which are
located within the limits cf the space of scattering, have certral
angle cn the crder of 3(-4Q9%. Ccrseéguently, withcut the large errcr
these arcs alsc can te replaced with the line segsernts. Thus, for the
real tropecspharic lines cf the #surface c¢f équal tire lag®" ir the
limits of the space cf scatterirg it is fcssitle tc replace »ith i
rarallel glanes. Respectively time lag fcr ¢ach such plane {is

detarmined by its altitude above tke grcund.,

Bage 97.

2. With pencil-teas antennas scatterinc angle cf electrceragnetic
energy within limits cf space cf scatterinrg changes insignificantly.
Therefore, as shcwr in [3.4], thke sean pcver cf the delaying
components of signal at the fcint ¢f recepticr is determined in
eéssence by the antenpa radiaticr gattern, but rct by a change in tte

scattering anglae.

3. Arsa of sactions Of surtaces with oqual time lag, situated
within space of scatterirg, deperds cn tteir altitude. As car te seen

from Pig. 3.3a and t, ttis areda is maxizue fcr the center of the
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space of scattering and decreases ior its upper and lover parts, With
respect to diffarent ores theére will te 2 cuartity cf
hetercgeaneities, which garticipate in the creaticn ¢f ccmpcnernt with
the specific time lac, Strictly speaking, tris cre amust take into
account during the conmputtatico ¢f the pulse reaction cf the secticn
cf propagaticn. Hcwever, during the use cf the yrercil-teas artennas

by this fact alsc it is gossitle tc disregard.

Thus, from entire afcresaid it follcws that with the
sufficiantly pencil-teaxr antencas the time lac cf the compcnerts cf
zigpal at the recepticr depends, in esserce crly frcm the altitude cf
the hetarcqgeneities atcve the grcurd and the sean pcver ol these
coaponents virtually is deterasired only ty the antenna radiation
pattern. During the use cf this sisplified mcéel cf multiple-precnged
frcragation the computaticn ¢f the enerqgy pulse reacticn of the
section cf oropagaticn sukstactially is facilitated. Let us ncte,
however, *hat the given atove ccosideraticns carry pursely qualitative
charactar. Therefore it is necessary +to exclain, what gust Le
directivity of an*tenras and len¢th cf secticn, sc that during the use
of the simplified model errcr duricg the computation of pulse
reracticn wculd nct exceed the sgecific valuve. ¥c this questicrc we
still will return after will te cttained exgressicn fcr the
ccafficient cf freguency ccrrelaticn. And let us thus far calculate

enerjy vulsa reacticr fcr tkte sasplified medel ¢f multiple-prenged
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Fropaqation, assuming ttat tke conditions fcr using this model are

satisfiad.,

Let us exanine Fig. 3.4, in which are skcwn the fraths cf
Fropagaticn for twe cecwpcnents: cne cempcnert is re-ewmitted ty the
heteroganaeity, lccated at the lcwer pecint cof the space cf scatterincg
Cie time lag for *his ccopcrent se will ccnsider zerc; the seccnd
ccaponent is re-emitted ty the betercgeneity, lccated on altitude h

abcve roint O, (rcint Q).
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Fig. 3.4. To the comrutaticn c¢f tke energy reacticn ¢f secticr linin.

Fage 98,

For the clarity Fig. 3.4 it is ccnstructed withcut the cbservance cf

the scale; in actuality
tangential 0,B (or AC,)
comprises not mcre thar
difforence in the pathe
droc perrendicular frern

difference in the paths

Prcm the geomatric ratice cf Fige. 3.4 it is evident that

angle 3, i.€., tlte arcle retween the lcwver
antenna radiatior pattern and by line AB
1-29, Therefore fcr determining the

¢f the compcnents indicated it is possible tc
fcint G, tc line CB ard tc ccnsider that this

is apprcxisately equal tc

AS=2CD = 2hsiny=2lhy. (3.53)
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vhere & - length cf the secticn ¢f the trorcstheric line; = -~
eaquivalant radius of the Earth. Frcm (3.S3) ard (3.54) it fcllcws
that tha relative time lag fcr the cemporent c¢f sigyral, re-emitted

with heterogeneity at altitude b, is Jdetermined ty the ratie

== (3.33)

vhera c - velocity of rrcpagaticn cf electrcsagnetic energy. As has
already been svoken, the mean pcwer of the deleying ccmgponents is
determined in essence bty the tctal radiaticr gattern cf the
trarsmit¢ing and raceiviry antennas, which car te apgprcximated ty

Gaussian curve ' and reccrded ir the fcrw

| \3.56)

wvhera 8 - angle hetweer the axis of antenna ard the directicr in the
hetarageneity, lccated cn altitude h (see Fig. 3.U): ap, - width cf

the antanna radiation tettern co the angle cf half pcwer.

FNCTNCTE 1, The correctness cf this apprcxizaticn is ccnfirmed bty *he
axperimental measuremerts cf the diagram of tte artennas cf the

trccospheric lines (see §3.4). ERDECOTNOTE,
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Permanent factor in the index cf axpomential curve is selected so, in
crder to with B=ag/2 g{f)=1/4 (due to tvwc artennas). ¥We will ccnsider
that *h2 positive anqgles £ are c¢alculated "upward" frca the center cf
the velnume of scattarirg 0. Ther from the qecgetric ratics in Fig.

1,4 wa have

—8= —— == (3.57)

Let us intrcduce alsc the relative time lac, vhich corresponds
to the centar of the srace cf scattering, which ir acccrdance with
{3.5%5) 1is equal hd

T, == 22 -
YT (3.58)

Further let us determine f£rcm (3.55) and (2.58) b and hy and le+

us subkstitute “heg ir {(3.57), atter whict let tvs substitute (3.57) in

{3.56) .
Eage 99.

As a result we will cttain final formula fcr the energy rpulse

reacticn of the section ctf trcpcspheric line in the fcra:

- 2 r—t,)t U}
gx)=e s )nm{r>01 .
a ! {3.39)
g(v)=0 npH t<OJ
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vhere AQ, =~ parameter, which has the digensicrality cf angular

frequency and determined py tne ratio

It

ALy = 2= (0,75&) )

da,

(3.80)

The energy pulse reacticn cf the sactice c¢f trcpcscheric line is

shcwn in Fig. 3.5 on relative scale AQv; 1i+s maxisug i¢ ccrresgends
I to time laq vy, i.7., tc tize lag fcr the center c¢f the space of

- scattering. Lat us recall that the energy pulse reacticn takes this
form, only if *he axes cf antenras are raised tc the angle aqy/2
relativaly tangential t¢ the grcund at pcints cf recegticn and
transmission. On the real tropospheric linss fcr cbtaining the
raximum pcwer of signal at the recegtion the 2ntennas orient

arrrcximately thus,

Coafficient of frequancy ccrrelation., Kcw, after using ratics
§3.2 it is possitle tc¢ citain fcrsula fcr ccoputing the correlaticn
coefficient between the values c¢f the amplitude-fraguency
charactaristic. For this at first should Lte deterwvined the "central
time lag" of energy rulse reacticn according tc fcrrula (3.3€).
However, before it is necessary tc make cne clservaticn: functicn
g(r), determined by Gaussian curve (3.59), raricély decreases in tte

t
[ region of negative time lajs. Therefore withcut the essential errcr

, it is pnssible to consider that in the regicr cf negative time lags

A

the anargy rulse r2acticn is nct equal %c¢ zerc, kut it is deteramined

by Gaussian curve (3.%9) (dcttec line in Fig. 3.5).
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Pig. 3.5. The energy fpulse reactican of ¢be secticn cf radicwave
rropagaticn in the trcgcsghere (axes cf anterra are directed at arngle

ag/2 tc +he hcerizen,
Eage 100.

Then the central time lag of fpulse reacticn, éefined accordirg *c
formula (3.37) as the akscissa c¢f its "center c¢f gravity®, is equal,
tbviously, vy. Ccnsegquently, for the energy gulse reacticn vhese

cantar is displaced to tte zerc time lag, instead of (3.59) we have

a2 ? : -
sim) = e e (3.61)

vher?® r,=v-r,. This displaced pulse reacticn is ccnstructed dct~dash
line in Fig. 3.5. Since the energy puls2 reacticn can ke considered
symmetrical relative +c its center, then fcr deteraining the
ccefficients cf correlaticn and cr¢ss cerrelaticn of the real and

imaginary parts cf the transter turctionr shculd be used relationships
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{3.42) and (3.43). Substitutinyg (3.61) in (3.42) and after prcducing
the computation cf irtecrals [3.7], we will cltain the following
exprassion for the ccrrelaticn ccefficient Letveer the values cf tte
real (or imagipary) cf tlte parts ¢f the trarsfer function cn

freguencies w and w+6

R, =R, M=¢ ° , (3.62)

whers AQ, = V210, (3.63)

According ¢¢ (3.83) the coefficient of tke cross cerrelaticn
tetween the values of tne real apd imagirary farts cf the trarsfer
functicn is equal %o zerc with apy frequency separaticn; i.e.

R Q) =0. ' {3.64)

Purther, after using fcraula (3.86), it is pcssikle tc determine
the ccrrelaticn coefficient fcr the values cf the mcdulus cf trarsfer
function, i.e., values ct frequercy characteristic. After
substituting (3.€2) ané (3.64) im (3.47) and the result of this
substitution in (3.4€), after switching cver frcm tte ancular
frequencies to frequenciés it tte tertz, we will cbtain th= following
exrressicn fcr the ccrrelaticn ccefficiert tetween the values of

frequency characteristic at frecuencies f aré f+F:

moreaver according tc (2.60) and (:.613)
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A, = S — 5 3 —~ Ca- ~
,,0 I = I,OU 1 2 \;0 . (3b5)

Value Af, is usually callec¢ a "band cr a radius cf correlatica".
Frcem (3.65) it is evident that 4f, there is tte tand cn edges cf
which the values cf freguency clharacteristic have a ccecrrelaticn

coaefficient, equal tc 1,e.

Page 101,

If at the cutput of the secticn cf tropospheric line, besides the
random componants, 1s rresent regular ccaspcnert, then the correlaticn
coefficient lretween the values cf the amrlitude-frequency
characteristic can be c¢ttained accerding tc fcrmula (3.48) taking
into account (3.47), (3.6¢) ard (3.64). Let tvs recall that exgressicn
(3.65) is obtained fecr tte simplified model cf tropestheric
propagation, moreover this model 1s valid at the pencil-team antenras

and tcc great a length cf secticnpi,

FOCTNQOTZ !. Analogous e€3jfressicr is cktainec¢ in (3.8) scrmewhat by

¢cther maans. ENDFOOTNO1E.

The ccmputation of the ccefticient of fregquency correlation taking

into account all factors, which are detorminirg the fulse reacticr cé¢
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section (geometry of the space cf scattering, change in the ﬂ

scattering angle, etc.,) is carriead out [:.97. Cttained in [3.9] the

fairly complicated expressicn ccrrectly alsc fcr the veakly directed

antennas. With a,<1.5° apd a<3C0 kz dererdence R (F), cttained in

{3.9), very closely ccircides with (3.6%). Ttis defines the
boundaries of the aprlicecility c¢f *he simplified mcdel cf
trcpospheric progpagaticn, 1.€., it is pcssitle tc censider that all ;
relaticnships of this secticn are valid, if the width of the antenna |
radiation rattern does nct exceed 1.5°9, and tte length cf the secticr
gf tropospheric line cosprises nct more than 300 km. Cn the real
tropospheric lines, intended for the trarsmissicn multichannel
telephony and the televisiors, these conditicrs usually are
fulfilled. Calculaticns accerdirg to €orzula (3.€5) ccincide well

with tha rasults of exrerimental measuresents in the¢ secticns cf

different length {3.107,

o~

Prequency characteristic cf the secticr ¢f line. The correlaticn ;
coefficient betvean the salues cf the frequency ctaracteristic ct

section gives the evaluaticrc ¢f the band of tte sigral which can te

! transmitted along the trcpospheric line withccrt the essential

distorticns, If into lisits the bards of the signal cf the value of

‘ frequency characteristic have a ccrrelaticn ccefficient, close one to
i the unit, distortions sill te ssall. HBowever, *his evaluvaticr is

tentative, purely qualitetive, sitce *he ccrrelation coefficient
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gives cnly the averaged pictire cf distorticps and it does nct make
it possible tc judge pcssikle shcxrt-term distcrticns of frequency
characteristic, Meanwhile such short-tern distcrticns can te
considerable, eoven if ir the apfparitcrs cf the frequency band in
questicn is large correlaticn cf values c¢f frequency characteristic,
Pistorticns cf the frecuency characteristic cf the section cf
trcrospheric line considerakly ®=cre complete it is pcssible tc
estimate with *he aid cf the relaticn of signal asplitudes on the
edges of the assigned rand. Tbis estipate is vsed extensively in
radio enginesring; hcwever, it is pecessary tc keep in sind ttat ir
cur casa the form of ¢the frequency characteristic of the secticn cof
trocpospheric line continucusly chacges ir the time randcmly.
Consaquantly, it is necessary tc¢ find the law cf grchbability
distributicen for the relaticn cf signal amplitudes cn the edces cf

the assigned tandg.

As has already teen indicated into £3.Z, signal amplitude at any
frequency was distrituteé¢ acccrding to tke law c¢f rayleigh, i.e., has
grotatility density (3.1¢€).

Fage 102.

Furthermcre, it is knowo that with the assign<c freguency separaticro

the ccrrelaticn coefficiert tetween the sigral amrlitudes can te




|
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calculated according tc fcramula (3.65). Thus, it is necessary to £find
the law cf orcbatili*y distributicn fcr relatico twe sublimity with
the Rayleigh distributicp; the ccrrelaticn ccefficient tetween these

values is known and, thercefore, kncwn their twc-dimensicnal law cf

distribu*ticn 3.2, 3.3)., The aethcds of *he rrctatility theory make
it possible tc find the law of distritution fcr the quctient, if is
sncwn the %wo-Adimensicral law cf the distritcticn of dividend and
divider. With the aid cf tbese sethcds in [Z.€) is fcund the
rrotability density fcr relaticrsbhipr cf the valves cf the frequency

charactaeristic of the secticn cf line on the e€dges <f band Af. This

rrobatility density takes tkhe fcra

2% L— R ()

Wik) = T . (3.67)

(i %)? . op \ﬂi
(=R (7))

vhere k - a relation ¢f the valtes of frequency characteristic cr the
edges o5 band Af; Ru(f)- correlaticn coefficient between these
valuas, deterained acccrding to fcrmula (3.€6%5). Frorm (3.67) can be
cbtained the integral law cf prcbatility distrituticn fcr the

relaticn k indicated wlich is determined by the expression

N o i 1 . L—-K* 1
- 2 E AV = e | ] — — I
Wik < K) —j v (=le 7| Y = K — 4RI & ]

! (3.68)

Integral law (3.6€) determines probability that relaticn k dces

not exc2ad value K, However, frequency claracteristic has jdentical
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nonuniforaity, if the asglitude ratio on the edges cf band is equal '
to X or 1,k. Probability that theé frequercy claracteristic heas

relationship of amplitedes cn the edges ¢f kard gpain K cr nct less
than 1/k is equal to tle asscciaticn cf the rrctabilities of these

incomgpatinle avents, Ccrosequently, according tc ¢tte thecrem cf

addition [3.1-3,3] «his grcbatility is ecval tc

(X

VAR E> ) = WIR< K- W k> =369
’ \ /

Por the integral law cf prcbakility distrituticn (3.68) it is

tossible tc show that

v e e Y & P 3.70)
k\2<\h§=xV\~>>7F)- L2

Consequently, takirg intc acccunt (2.6E-:.70) the integral law
c¢f rrobability Aistrituticn fcr the ncnurifcrzity of the fraquency

charactaristic secticn cf trcicspheric line takes the fcrm

/ HEA r 1 — X3 ' -
Witk K, ¢>—]=11— @B
\ < > K) | G =R =45, A

[N

Eage 1013,

The curves of the integral laws ¢f grobability distritution fc¢r the
nonuniformity of frequency characteris*ics are shown bty sclid lines
in Fig. 3.6. These curves atre ccanstructed acccrding to formula (2.71)

fcr 1ifferent values 2.(F).
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In a number of cases ir tne section cf trcposvheric line at the
point of reception besices tlke randcm scattered ccmgcnaents, is
Fresent also reqular ccsgcnant ¢t signal. Ir these casass for
determining the distcrticns ci the frequency ctaracteristic cf
section it is necessary tc find the law ¢f prckakility distrituticn
for the relation of twc values, distributed acccrdirng to the
generalized Rayleiqh law (3.1€). This prctlee is solved in [3.11],
wher2 is fcund intagral law cf protability dis*trituticn fcr tte
nonuniformity of frequercy ctaracteristic ir the rresence of regqular

conponent. Expressicn fcr this law takes the fairly complicated fora

and here is nct givaen t,

FOCTNOTE !, This expressicn, besides [3.11], is given also ir {3.107,

ENCFOQTNOCTE.

Considerably more simply is ottained apprexireticn in the presence cf
the regular ccmpcnent whkcse pcwer rct less than 1.5-2 times exceeds
the powvwer c¢f the scattered ccampcnents. This cezse is cf greatest
interest fcr the practice, since crly essential regular compcnent
noticeably imgroves the pcnumifcrmity of the frequancy characteristic
of the secticn of line. In tke fpresence c¢f ccrsiderable ragular
component for the integral law ct the nonunifcrmity cf frequency

charactaristic in the btard af in {3,12) is cttaiped tte aprreximaticn

W(k< Ko &> 7) =051} 2N =D (S} 2
| =X (3.72)

)Y —
V=R, K1
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Fig. 3.6. Integral law c¢f tgekatility distrituticn.fc: the

nonuniformity of the frecuency ctaracteristic cf the secticn cf
trcrospheric line with tie single (N=1) and ccmtined in fcurs (N=U)

receptions,

Key: (1). Probability that the asglitude ratic cn the edges cf tarnd

vill be more thanr the value, ircdica*ted cr the abscissa. (2). Ratio of

anrlitudes K on edges cf Ltand, ¢B.

Fage 104.

Rere S2 - ratio of the gcwer cf regular ccmponent to the mean
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total power of the scatterea cospcaents; ®(z) - protaktility integral.

Exrrassion (3.72) is ccrrect with S2<1.85-2, ~./F) <9

Cn the troposrheric lines ¢f communicaticns frecuently is
utilized *he diverse recepticn during the acéiticn cf signals in the
circuit of in*srmediate frequency tc the detectcr. In this system cf
the diverse recertion is ccnducted the auvtcratic tuning of tte phases
of the stcred sigrals, as a restlit of sional amplitude they are
summarized arithretically. Titerefcre the amplitude cf total signal is
the sum of the Ravleigl aistribited values, i.e., has a law cf
crcbability distributicn (2.44), Gespectively fcr the evaluaticn cf
the nonuniformity cf freguency tersinal characteristic <f this systen
cf the diverse recepticr 1t 1s recessary tc f£ind law c¢f probakility
distributicn for the gquctisant twsc values, distrituteé acccrdirg tc
the law [2.44 ). This is wmade in {3.12], vhere is found the law of
probability dis+ributicn for tae ancnunifermity cf frequency
characteristic during %ke daiverse tececticn ard the additicn cf

eigrals in the circuit ¢f intersediate frequercy. This law takes the

form!?
o i . A R SO Yy TNV .
Vig< K 2> Tl=ot) =5 =2 ] o
N - \ .
S v, (3.73)
VRIZR FR - ]

wvher: N - a multiplicity ct the reception; ®r/z) - prcbability

integral.
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FOOTNGT2 t, Exvressicn (3.73) apprcximately describes the law cf

protabili+y distrituticr fcr ncrunifcromities cf frequency
characteristic, motrtecver its accuracy increases with increase of X.

With N¥=4 the arror ic igsignificant. FNCECCIRCTE.

In Fig. 3.6 dot*ad line shcwed *he curves cf the law cf
grotabili“+y distritu*icrc tcr rncrupifcraities ¢f frequency
characteristic with quadrupled reception (N=4). These curves are

Ial

constructad accordiing tc¢ fcrmula (3.73) for 2different values 5:7). In
Fig. 3.5 it is evident ttat in the systews cf the diverse recerpticn
during the additicn c¢f signals tc the detectcr cccurs the
considerable decrease c¢f tihs acn'.aiformity cf tte frequency
characteristic of the secticp cf line, Respectively in this system
decreas2 distcrticns ot the sigrals, trarsmitted by the line;
howevar, in regard *c this it is necessary tc make cne ctservaticn:
expression (3.73) is ccrrect wher the rhasirg cf sigrals cccurs at
all frequencies in thke liasits cf band Af. Virtvally this not thus:

tha signals, transmitted by the line, car have sufficiently wide

spectrum, meanwhile the frasinog cccurs crly at cre frequency?2.

FOOTNOTE 2, With ChM, which usually is utilized cn the trogpcstheric

|
1

lines, this freauancy ccrresgcndés tc the ccrstant cceponent cf the

rio | T "—"'""""'“‘
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modulating signral (see Chapter ¢). ENCFCCTNCTE,

At cther frequencies the spectral components ¢f the stcred sicnals
have different and randce tkases, and therefcre system of additicn
does not give here the cain, which ccrrespcnds tc £crmula (3.73).
Bowevar, virtually this ipc¢mglete phasicg within the lirzits cf tand

does not strongly imrair tctal frecuency characteristic.

Page 105.

The fact is *hat on the trcgcspteric lines tc avcid streng
distor*ions fcr the trarspissicr c¢ir signals is vtilized the tand cf
the strongly correlatad values cf frequency ctaracteristic. In this
case the correlation between the phases cf tte srectral compcrents cf
signal is also great [2.2; 3.3]s. Tterefcre it is possible to consider

that in the limits of Fard is a coasplets phasing cf the stored

signals. Thus, expressicr (3.73) and graths cf Fig. 3.6 it is
fossible tc¢ use, if +the correlaticr ccefficiert retween the

|
!
{ amplituodes on *he edges ¢f bacd #f is virtually nct less thar C.9.
i

The experimental rseasurements cf the frecuency clarac*eristic cf
i the secticn of ¢roposplteric line rereatedly were made or many routes;:
the results of these measuresents are given ir €hapter I and in

(3.7, 3.13). Since the fora cf frequency ctaracteristic centinucusly

i
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changes in the time, then these measurements cannct te conducted with
a slow change in the frequency cf transmitter ("™ cn the pcints" .
Therefcre cn the tropospheric lines f¢r seasvring the frequency
characteristic of the s=ecticn of radicvwave frcragaticn is utilized a
rapid charge ia the freguency ct transmi*ter 3ir the saw-tccetl law
{"swaeping®) . Por this tc tone nput of the frequency shift key of
transmi*tter is supplieé tte saw-tccth vecltage with the frequency cé
50-100 d42z. Cn receiving dead endirg the vcltace fros the outgput cf
amplitude detec*cr is sugpplied tc the vertical rlates of the
cscillograph; sweep ¢f cscillcyrapn is synchrenized by signal frem
the cutput of +he PM discriminatcr. The cuasi period cf the
fluctuaticns of signal asplitude ccmprises fracticns c¢f a seccnd, and
the period of a saw-tcctlh change io the freqrency c¢f transmitter -
the hundredth fracticnes ¢f a seccnd. Therefcre durirg the cericd cf
"sweeping" parameters ¢f wsultiple~jronged charrel in the trogpcsphere
virtually do not manage to chance and on the c¢scillcsccge face are
cbtained the images cf tlke "“instantaneous" freguercy characteristics

cf the secticn cf line (Fig. 3.7)1%.

FCCTNOTE !, These phectccraghs are vndertaker €rcm [3.13], vhere are
given results of the measuresents c¢f the fregrency characteristic cf
the secticn of troposplteéric line with a lengtl c¢f 30C km with the

width cf the antenna reciaticn pattern of 19, ENCFOCTNOTE.
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Fig. 3.7. Samples cf thte frequercy characteristics cf the section cf
line with the dcubled (a) and sipogle (b, c) recepticns: d=30C ke,
ao=1°.

Key: (1). MHz.

Fage 106.

Characteristic ¢f ¢rcup tize lag. Ir §3.2 it was shown that with
the known correlaticn ccefficiert for the real and imaginary parts cf
the “ransfer functicn car be detersined the fundamental statistical
rroperties of the phase~frequency characteristic ¢f the secticn of
line. This can be made ty anmalogy with tte rtase cf fluctuaticn ncice
{3.1-3.3). However, fcr calculatirg the distcrtices cn the
tropospharic lines it is importent to kncw nct tre phase-frequency
charactaeristic of sectice, tut its derivative, i.e., the
characteristic cf grcug time lag, since signal distcrticns are
deterained by the norurifcrmity of this charascteristic. Cn tte

trcrosoharic lines the ncounifcrmity cf the claracteristic ct grcug
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time lag continuously changes in the time and it is iamsportant to know
the law ¢f probability distrituticp for its fluctuaticn. As it was

shcwn into 33.2, the irteqral law ¢f gprctability distributice for

divergence T, froms the central tise lag takes fcrm (3.50). This law
is cempletsly determined, if is kpcwn its rparapeter 8v,, cc3puted
frem formula {3.92). After substituting in (3.52) expressicn (3.61)
for the eneray pulse reacticn, disglaced tc the zerc time lac, ve

will ottain

-] g 4
g —=ddy 1I
S e dn
AT = =2 (3.74)
st ol
| e ) ZJT,
3

After calculatirqg irtegrals ir (3.74) [2.7 taking intc acccurt

(3.63), we have

- (3.75)

whera Af, - the tand of correlatice, determined acccrding tc foramula

(3.Fh) . After sutstitutiog (3.€€) 1n (3.75), we will cbtain

Aty =0, 1520 (3.76)

ca,

Let us recall ttat value Avr, is an averace value cf atsclute (cn

the sign) divergence ., frcs the central tise lag rqo. Knowirg this

valu2, it is possible acccrding tc fcrmwula (3.SC) tc determine the

inteqral law cf rrobability dastricuticn fcr the values cf the
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charactaris*ic ¢£f grcug time lag. Curve this law for relative values

A“’ is shcwn in Pig. 3.E. Dirsct measuremert %;. i.e, derived phase
respgonsa, is ccnnected with the great difficulties. Therefcre in
practice *hey use the usvally fcllcwing methcé: is supplied %tc the
input of tha pgeasured circuit tte bigh—-freguercy signal,
frequaency-tcdulated cr ir the amplitude ty sire vcltage with the

frequency f. At the cutput of circuit this signal is detected, and is

measured the rthase of siruscidal cutput pc*tertial of detector.

Fage 107,

It is known that if witaip tke limits of the spectruw ¢f mcdulated
signal Tp practically it dces r1ct change, thtén tte phase of
sinusoiial ocutput potertial of detector is apgrcximately equal to
¢ =L {3.77)
Consequently, after measuring this rphase, it i=s possitle at the

known frequency 0 to detexrxite Tp 1,

PCCTNOTE 1!, This methcd the measurements cf greup time lag ir the
literature fraquently call Nycuist's methcd. In ¢€hagter 4 it is
shown, under what conditicns aggccximate equality (3.77) is fulfilled

cn the tropospheric lires fcr tie frequercy scdulaticn by the sinmgle

tone. ENNFCOTNOTE.
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The described mettcd is utilized in the special instruments 1IVZ,
intended for characteristic measurement cf tte grcup time lag cf the
circuit of radio relay lirs. Blcck diagram fcr these measurewents is
shewn in Pig. 2.9. The transaitting rart cf tte irstrument 1¥2
raalizes frequency ascdulaticn ot transmitter ty £ine wave withk the
relatively small frecuercy {(c¢ri the crder cf 1C0 kHz) end by =sall
deviation (also order 7(C kHz). Purthermecr=2, is ccnducted a change in
the carrier frequency ct transmitter in the saw-tccth law withk the
fraquency cf S50-100 Hz - "sweeping."™ Witk this sweeping in acccrdance
with the characteristic ¢f yrcup time lag charges tte phase c¢f the
sodunlating output potertials circuit., The veasuresent of this phase
is realized in the receiving gpacrt cf the ipstruwept IVZ. Por this
signal frcm the cutput cf the FP discriminatcr it is supplied tc tuc
inputs of the phase éiscrimipatcr (FD), morecser to cre input it is
direct, and on another - thrcugk tkte quartz filter (KF) with the
rassbhand a total of saveral hertz. 3 charge ir tte phase cf tte
modulating voltage cccurs with the frequency ¢f sweering, i.e., with
the €requency cf S0-—100 Hz. Tteziefcre these cltances are nct passed by
quartz filter and at its cutput the phase cf sicnal is retaired

constant. This siqnal car te uvsed as refererce in the phase

discriminator.
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Fig. 3.3. Integral law ¢f pretebili*y distrituticn fcr the

fluctuaticn of group tinme lag,

Key: {1). Time.

Page 103,

Cutput potantial of the fnase discriminator is gpropcrticnal tc the
changing in the process ¢t sweeping rhase cf the modulating signal,
i.e., it is proporticnal tc tike characteristic cf grcup time lag.
This voltage is supplied tc the vertical plates cf cscillcgrarh.

Sweep of oscillograph is syrckrcrized hy vcltage ty the frequency cf
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S0-100 Hz from the output ct frequency detectcr, This signal cf

poc = 830C25107 FAGE

synchronizaticn prelimsinerily passes thrcugh the low-pass filter

(PNCh), whick dces nct pass aodulating frequercy cn the crder cf 1CC

kHz. On the oscillcsccre face 1s cttained the irage cf the

charactaristic of the orcup time iag of the measured circuit in the

tand of swveep.
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Fig. 3.9. Bleck diagras c¢f instrument fcr measuring the grcour time

lag (1VvZ).

Key: (1) . Input ChM. (Z). Transaitter. (3). Feceiver. (4). Qutput

Chpb. (S). kHz. (6). Recepticrt fpart. (7). tracsmissicn part. (8). Hz.

(9) . Synch.
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Fig. 3.10. Samples of characteristics of qgrcup time lag of section cf

line (charac*teristics a2re cttaired cn cscillcsccre face with the aigd
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cf instrurent IVZ).
Page 109,

In the measuremen%ts w»itn tie aid cf the instrugent IVZ c¢r the
tropospharic lines of ccuasuricaticcs ¢on the cscillosccpe face is
cbtained the image of "irstantanecus"™ characteristics of the groug

time lag of tha secticr ¢f linel! (Fig. 3.10) 2,

POCTNOTE !, In ¢this case¢ the instrument 1VZ gxeasures also
charactaeristics s <cf equipment circuit. RAcwever, with the ccrrectly
designed equirment the ncnuniformity ¢€ characteristic ™ ir the
service band kv an crder is less than divergerce T=m due tc the
pultigple-pronged radicwave prcpagation ir the secticn cf line.

ENDFOCTNOTE.

FOOTNOT. 2. Photographs are sade from the cscillcsccpe face in the
weasurenents cn secticr c¢f trcpcspheric line with a length of 300 ku

with tha width cf the artenna radiation rpattern cf 19. ENDPCCINOTE.

The form of this characteristic ccrtinuously changes in the time
randosly in accordance sith a ctange in the structure cf the
pultipla-pronged trorcspleric chanrel; the speed cf these changes is

frcm the pcrtions of tte hertz tc several hertz. Characteristic

M I : - : e




£oc = 80025107 EAGE 3
524

measurements of the grcuf prcpagation tire with the aid of tthe
instrum2nt IVZ repeatecly were sade in thke secticn cf the
trcrosrheric line; thke results ct these measurerents coincide well

with thaoretical relaticmsnips [3.10, 3.14).

Measurement Ip with the aid c¢f the descrited instrument IVZ is
in princiole rossible crly dtring sweeping cf the frequency ct
transmitter. Por the mcre¢ precise geasurements cf fluctuatiors 1w, at
cne fregquency can be useé¢ the methcd, presented in {3.15). The
results cf measuremerts Trp, carried out ty the wethcd indicated in
the section of tropospteric line, are given ir [3.1€]. These results

also coincide well witt the ccnclusicn cf thecry.

In conclusion let uys note that the pethcds, used in this secticn
for detarmining tha2 statistical prcrerties ¢f transeissicn function,
tefit not cnly fcr *he secticn cf trorostheric line, tut alsc
generally for the multijle-grcngad channel with the random parameters
at output of which is Fajleign amglitude distrituticn of signal
f3.1'73}. In par+ticular, ty these Bethods in [3.18) are oktained
relaticnehios for the frequency cf the characteristics of the sacticn

of the line of {icncsrheric scattering.

&3.4. Synthesis of the zcdel cf the secticn c¢f trcpcsgheric line,
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Otilizing statistical laws fci the transfer functicn of the
section of the trcposrheric lane, given in §3.3, it is possille tc
construct the specific mc¢del ¢f radiowave prcpagaticn in this
section. The synthesis ¢t this zc¢del recreserts interest, since in a
nusber of cases it can frcve to bte useful fcr calculating the
distorticns on the trogcspheric line cf ccrsuricaticns. To syrthesize
this model is possible, c¢o tte tasis ¢f the fcllcwing consideraticns:
the signals, transmitted by the trcpospheric line, virtually have a
spectrum with limited tandwidth. Therefcre sicnal distcrtions due tc
the multigple-rronged prcpagaticr ct radic waves are determined by the

transaission function c¢f the secticn c¢f line in this liamited Etand.

Eage 110,

In the limited frequency kand 1ndicated the ccepcsite transfer
function of section can te represented Fcurier series whose cczposite

coefficients are determiped acccrding tc formtla (3.5

Co=—== | Aue*izn (3.78)

vherae x,.0, = transfer furcticn fcr *he ccncrete realizatico cf
sultirla-rcronged channel at the wosent of time t; AC - pericd of

rescluticn in terms cf the freguency axis ard, therefore,

2
= =

A2 VF (3.79)
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Fourier series for the ccapcsite transfer functicn in tte

livited band may *+¢ te reccrded in the fcro

— N ko,
= Gy &) 3.30) ;
N=— |
]
where ., - mcdulus ard . =~ the ohase cf thte k-th cowmpcsite

coefficient, Here we have scmewhat unaccustcmed resclotion ir the
Fourier series the functicn c¢f the frequency; in radic engineering
more frequently is anccintered the rescluticr in the Pcurier series

the function of time. Therefcre one¢ should resemrber that in (3,80) in

comparison with the custcerary reccrding c¢€ Fctrier series the time
and frequency interchanced the pcsiticn themselves. Let us ncte also
that in radio engineericg we usvally deal ccrcerring the expersicn in
the Pourier series of tbte real turcticn ¢f time and then the nmoduli
of the coefficients cf series f£c¢r the positive and negative
frequencies ara equal, i.e., Cu=C., In cur cas€ Fourier series is
represented tha ccmpecsite turcticn cf frequercy, and therefcre the
s0oduli of the coefficierts cf series (3.£€0) fc¢r the rositive and
negative time lags, gererally speaxing, are nct equal, i.e.,

Ly =2, Utilizing the Kkrcwn Euler fcrmula fcr ccrpcsite rumters,

from (3.8C) we will cttain fcr the real and isaginary parts cf the

transfer function in the limitec frequency terd:
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A= -2

(3.81)

f=—u

A= N A0 . .
Q(2) - C.L“ux.](f.‘kr,—:-;::)}

Let us ccmpare nos expressions (3,81 with exgressions (3.44),
let us recall tha*t exrressicns (3.44) are reccrded fcr actuvally and
imaginary of the parts cft the transfer functicn c¢f multiple~rronged
channel with the time lag cf separate cospcnerts ¢n . Lty the
amplitudes of these ccagcnents (. and by pkases .. Consequently,
exrressions (3.81) ccrrespcnd tc sultiple-grcrged radiowave
gropagation, moreover serarate components differ frcas each ctter in

termss of identical time lag vy, have asplittdes <., and phases .: .

Thus, for the limited tand c¢cf frequencies #G can ke prorcsed tte
following equivalent mcdel cf the secticn ctf the tropcspheric line:
in the sec*ion of line electrcmagnetic ernergy is grcragated ir the
form of digital compcnerts, mcrecver the *isze lag of each ccEgcnent
diffars frce adjacent by identical value ry; arrlitude and ptase cf
signal in the k beam is deterained by *he k ccrpcsite coefficient
during the exransion ir the Fcurier series ir tte band cf the

transfer function cf secticn incicated.

Page 111%,
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let us =2mphasize that tlese discrete componer*s are nct in ary way
the lelaying signals, re-emittec with real tetercgereities ipn the
trcrosphere: the signrals, re-emitted with +he hetercgeneities cf the
trcposphere diffar fron eacn ctier identical, z bty the artitrary *ine
lag; furthermore, in gereral at toe cutput cf the secticn cf
trcrospheric line is nct a discrete tut centiruum cf the teaps (see
Chapter 1), However, as far as the model indicated is ccncerred, then
it is cnly the equivaleért of the secticn c¢f frcpagaticn, valid fcr
the limited frequency tard. Ctt ¢f this fkand the transfer furcticn cf
equivalent model no lcrcer ccincides with the *ransfer functicn of

the secticn of tropospteric line.

Pourier series (3.&() 1s recorded fcr the actual realization c¢
the “ransfer func*ion cf the secticn of 1line, *aking place at the
goment of %ime t. L wever, transsissicn ¢f the function of section
continuously changes in the time randcmly. Ccrsequently, randcaly
change there will be asplitudes ané phases cf *he delaying sigrals “¢
the equivalent wmcdel ct tne secticct of line. Luring the use ct this
rcdel in calculaticns it 1is i1sgpcrtant tc kncw, what law cf
probability distributicn will cccur for amplitudes and rhases cf tte
delaying signals. For determinirg this lav let vs rewrite exgressicn

(3.79) into som2what other rform, ramely: exgress the transfer
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function through its real and 1saginary fparts we will use the Buler

foraula. As a rasult we will ckttain

[
<

T2
Gy = ) P@ @ dttie =

1
=— (P (Q)cosk v + [P (D) sinkTQ— Q) es kT~
_ae
2 .
—Q(Q)sinkr; Q1 IQ =( CPA», — SQ”\ + j( Spkl -+ CQk_,\ . (3.82)

’
/

Here (J,,‘r‘.S,,,“,C'Qkr and S%t - coefficients with ccsines and sines
cf oxpansion in the Fourdier series of furcticrs 2:iQ; and Qe for the
actual realizaticn of zultiple-grcnged ctanrel. In §3.3 it was shcwn
that the random changes in the time of the real and imaginary parts
c¢f the *transfer functicr are sutcrdinated tc¢ the ncramal law ct
rrotability distributicr fcr any frequency G. Frce the theory of
randos functicns [3.197 it is kpcwe that durirc the expansicr in the
Pouriar series cf normal functicn the coefficients vwith sines and
cosines of this exparsicr dare alsc ncrrzal valces, Ccnseguently, in
cur case of value Cp. Sp, G, and S, they are distributed ncrmally.
In accordance with (3.€2) the mcdulus of the ccefficient cf ceries

(3.80), ctvicusly, is ecuval tc

LGl = V( CP/:-— SQ;)’ + SPA + Conl? - (3.3%)

In 53.2 i* was shcwn that ¢n the real trcpcspherdic lines the

H
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enargy vulse r2actior is virtually symmetrical relative toc a certain
central time lag. In *te presecce ¢f the symmetrical energy gpulse
reaction the values cf functicns P(Q) and C(G) are nct depended for
any frejuency Q. Purtherscre, trcz the theory cf randcom functicns it
is known g!!t[}.19j that during the exparsicr in the Pourier series
cf random functicn the ccafficients with sines and ccsines ct this
expansion tetween themselves are nct ccrrelated. Takirg into account
this, we see that the values ir the brackets in expression (3.83)

ratweaen themselves are n¢t ccrrelated.

Page 112, :

Purthaermore, these sume have ncrsal probability distributicn as the
suns of normal values., Ccnseguactly, prctability distributicn for
Tzl obeys the law of rayleigh [3.2; 3.3]1. Tte phase cf the
coefficient of the exparsicn ¢f transfer functicn in the Fcurier
series is determined ty tbe expressicn:

< Lo~
Sp — L

(3.34)

Consequently, with those ncrmally distrituted ard nct ccrrelated
S = o and «“» —3,) phese 4. has unifors frctatility distrikuticn,
in the lirits frcm 0 ¢c 2Ix. Ayain let us recall that the prctability
dis*ribntions indicated, ccccr fcor the delayirg sijnals in the

equivalant mod=l, k1% rct icr tke sigrals, re-esitted with thte real




pOC = 30025107 EAGE W€ (
PO 2

heterogeneities c¢f the trcpcspnere; probability distribution for
amplitudes and phases cf the real components cf sultiple-prcncged

signal, generally speaking, can ke any.

[Quring the use cf ar equivalent model in “he calculaticrs it is
necessary %o know alsc tte rms values ¢f the agplitudes cf the
dalaying signals. Precm relaticnsbip (3.82) ané lack cf correlaticn cf

values Cop Copr Sp and sg, it folloss that

H

.5, 13.35)

N
—_
[&

—y =

‘ -~ o~
\ i e "

o
<
o

z

Prom the thecry of randca fuccticns [3.1¢] it is known that

during *he axpansion ir the Fcurier series ct rardcr functicr the rrus
valoes of coefficients with sipnes and ccsines cf this series are
equal to the appropriate ccefficierts of exparsicn intc Fourier's
poison correlation function. Furthermore, as it vas shown intc §3.2,
ccrralaticn function fcr E(U) ard Q(G) were ecuval tc each ctter.
Consequantly, in acccréance wsitlk (3.8°%)

Cui® = 457, (3.36)
vhere 5 - k coefficient of expansion ir the Pcurier series
corralaticn functicn f£c¢r the r=al rart of tke trarsfer functicn. let
us recall that accordirg tc (3.37) the ccrrelaticn furcticn fcr P(G)
is an even function €, ard tteretcre fcraulas fcr determinaticn ¢
sust be recorded in the fcra ¢f cosine-ccnversicn. Furtheramcre, let

us rota that during the vse c¢f an equivalent acdel in the

— —
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calculations it 1is necessary tc kpcw cnly relative values of the

amplitudes of the delayiry sijnals. Therefcre during ccrputaticn °:
i* is expedient tc intrcduce stardardizaticn, after accepting b2,=1,

Taking into account all tbhis, fcracvla fcr deterrining the rms value

of thae amplitudes cf the delayirg signals ir tte equivalent scdel car

te recorded in tha fcrua

(=]

a

VR (N coskTQdQ
.I

52 = (3.87
5= g )
| Rp()d9
M
wher2 2.0, - correlaticn coefiicient fecr the real part cf the

transfer function.

Fage 113,

In 53.3 it is shcwn that at the length cf the secticn of
trcrosvheric line no* mcre thaa 30C ks ard tc tlke width cf the
diaqgram cf antennas nct gcre thar 1.5° ccrrelaticn coefficient for
P(G) is Aetermined by exgressicc (3.62). After substituting {(23.62) in

(3.87), we will obtain
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b2 = - (3.88)
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Integrals in (3.88) cannct ke calculated ir *the elementary
functions. HAowever, foruulas fcr determiraticr 4} nevertheless can
ke cbtained, mor<eover it is kere expedient tc¢ examine two interesting

ones fcr the practice ct the cacse:

1. Tropospheric ccssunicatirg systess ustally are designed sc
that wilth cf band of the trarsaitted sicnals rct mcre thar twice
exceads *he tand c¢f ccrrelaticn, i.e., §§-<1 In this case quadratic
expcnential curve under the integral sigr in rumeratcr and
dencminatcr of axoressicr (3.68) can be witt 2 bich degqree ct
accuracy represented tltree first menbers of Maclaurin series. After
this ccmputation of intecrals 1n (3.88) tc prcduce simply. Prcm
{3.88) i+ direc*ly €cllcss that
82 = 1. 3 59,

For *he 1st and 2r¢ ccupcnent after the ccrprutaticn of integrals

in (3.88) we will obtair:
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aQ,) T AQ,)

values 5% for the compcneots with the more ty fine pumters when

AQ
Bz—<2are negligible,

Pig3. 3.11 shows the graph ¢f the derenderce cof the mean squares

cf amplitudes the 1st aré zrd ccspcnent cn relaticnship of tands

AQ . Q
== . Prom the fiqure Ccre can s€€¢ tiat when 32

A2 AQ,

in comcrarison with b2,. Theretfore for the irvestigaticn of

<2 values b2, are 1lcw

distertions on such lires it is possible tc exawine the equivalent
podel, consisting c¢f all or three "beams": cne with the zero time lag
and the amplitude, equal to 1, and twc mcre with the ras values of

asplitudes b2, and the tise lag cn ¢ry ard -v,.

Page 114,

It should te noted ttat ir sary instances the analysis distcrticr can

te even wore simplified, cn the opasis cf the fcllcwing

s} .
censiderations: as can ke seen from Pig. 3.11, even wthen 15;:25; i+
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comfposes only 15c/o cf b2,. During the intrcduced by us normalizaticn
we 21ssume that the sigral asplitude with the zerc time lag is always

equal to the unit; the agpiitides cf remaining teams experience the

: randon changes, distritoted acccrding to the law c¢cf rayleigh.,
Therafcre at the separate acsents cf *ime the amglitudes of teaas
with the zero tire lag ard witan the tire lag ¢n +-v3; can beccnme
comepansurable, which will cause essential sigral distcrticns.
However, the simultaneccs increase cf +the asgplitvdes cf beaas, which
delay on +¢vr3 and -ry, tas very ssall grchability. Therefore for the
analysis of distorticns it is pcssible t¢ use the equivalent acdel,
which consis*s in all c¢f twc keass: zerc anrd éelaying either cn ¢ry
cr for ~rj3. *this representaticrc ct the charrel c¢cf trcoposcheric
cosmunicaticn it can greatly facilitate analysis, sirnce the
distortions ChY of sigrals durarg the doutle-team prcpagaticn are

well studiedt.

FOCTNOTE !, The distcrticns ot the simple tcre doring the dcutle-tean
frcragaticn are examined in [3.2C]; transiect ncises with

pultichannel telephcry - in {3.<1]. ENDPCCTNCTE.

2. Second case takes place when frecuency tand being

|
! investigated is much mcre than tand of ccrrelaticn, i.e., A2

~ o In

-

this case it is not the pcssiLle tc ottain thrcugh the elementary

functions even approxisaticns fcr 2 However, formula for the
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compu*tation nevertheless can te cbtained with the aid of the sgpecial

pocC A0C25107 FAGE
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function whose values are tabuiated. Por *thics shculd be cosinusoidal

functicn in the numeratcr ct relaticnship (3.68) exgressed bty the

axevcn2ntial functions frcm the imaginary argqurment (according to the

Fuler forwula). Expressicn in thke nurmeratcr can te further reduced tc

special functicn fror ccaplex variable, which takes thke fcra

2z

S =) Fiv() = | e ux.
Q

(3.94)

Here :z=ue’’ . moreover p - mcdulus and o =~ arqument coaplex

variable z. Integral ir tbe dencasinatcr cf expressicn (3.88) can te

easily axrressed by the

special func+tion -

after simple ccnversiors 1t is possible te
formula for determininc the mear square cf

equivalent nodel:

trcktability integral. Then
cttain the fellcwirg

sigral asplitvdes in the

= {5, 9)

y ) (3.92)
F/ AaQ

\2772%.)




poC = 300295107 EAGE 5&/
37 ‘:

Pig. 3.11., The mean squaras cf signal amgplitudes in the equivalent

zodel of +he sec*icn cf tropcsgteric line.

Eage 115,

Rete y(p, o-coefficient witn the imaginary part ¢f functicn » ; of that
determined by relaticnsbip (3.91),

YR ARt
= 204 — ) 20,124 —
P l/i (\AQQ) ‘ I'\AQ\)/' [
. {3.93)

0,08 / AQ \?
8= arc ig “r k-A—Q;) l

Puncticns yU(p. o) are tabulated for tne differernt values p and s
2

{3.223, F(z2)= '2_{§ e~*dxr - a furction of prctability integral.
4]

Let 1ns note that fcraula (3.92) is valid fcr any, including fcr:

lo% values Howaver, functicn Ui{p.8 is tatulated cnly fcr values

0
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9 not less than 45° ané the values p nct mcre than 1.5. As it

fcllows from (3.93), this ccrrespcads AQ thercefcre fcr lcw

—— =33

(2]

values 39, should be used formulas (3.9C).

Prcm comparison (3.92) and (4.561) it is evident that the 1st
exponential factcr in fcraula (3.352) is the valve cf the energy pulse
reaction of the secticn ¢t line, updertaken at gpcint kv,y.
Consequantly, the mean squares cf amplitude c¢f signals in the
aquivalent mcdel can te cktaineé¢ as the readirgs ¢f energy pulse

reacticn at pcints ¢kr,, sultipliea ty ccrrecticn factor

\
V7 A
a0

in the relaticn ¢f Lancds o tkis ccrrecticr factcr aprroaches unity
A

;i:uwﬁwF( I+ is rpcssitktle to €asily shew that with an increase
b

iQ

£3.22, 3.23]. In the irteresting us case wher i, it is gessitle

toc accept this faictor egqual to unit, i.ep., tc ccnesider that values

sl are equal to *tha readings ct epergy fulse reacticr at pcints kry,

i.2.,

) AQ
dikig(kf;) HP“.'A_{{O.;' i (3 2y

Ray: (1) . with.

This is illustrated Lty Fig. 3.12, where the readings cf the

pulse reaction, deterwmined ty relaticnship (32.61), they are shown for

AQ AQ

case =7 When == -, fcraula (3.94) gives errcr nct mcre than

L] AQQ
2-3c/¢. Prom rela*tionship (3.54) fcllows the interesting aettcd cf
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the experimental measurc¢szent cf the fcrm ¢£ the enexrgy fpulse reacticn
cf tha section of line. Fcr this 1t is necessary to measure the

frequency and phase resgcnses cf section durirg different

realizaticns of multiple-grcnged channel, These measurements 2a2ust te
carried out in the btanc AU, several times cf the exceeding tand

correlaticn Afi;. Then fcr each reslizaticn it is necessary tc exgand
the ccempesite transfer functicn cf secticn ip the interval AC in the
Pourier series, After determining the mocduli cf the ccefficierts cf
this series and after ccrducting averagirg ir a large number cf

randoa realizaticns, we will cbtaip values »2, i.e. the readings of

energy pulse reaction at pcints e¢~kry.

As it was shown irtc 3.3, the frequency characteristic cf the
sacticn of line can te e3perimerntal ottaineé ty tte methcd cf sweer
and the phase response (is more précise, its derjvative) - with the

2id of the instrumant 1V2,

Fage 114,

Thus the described atove methcd ¢f measuring the energy pulse
reaction can te realized in practice, Hovever, dces arise the
gquestion: and it is worth measurinpg the €nercy rulse reaction cf
section with this sufficiently cosglex methcc? Paking tlese

peasurements, in the pricciple, can te carried cut and by the siamgler
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method with which the transaitter emits rarrcw fulses, and with
receriving end are recorded tte fulses, reflected frcm the incéividual

hetercgeneities cf ¢thte trcpcsphere,.

In ragard to this it pust te rcoted that ¢n the real cnes are
trcpospheric lines a sisgle "pulse® methcd the acasurements cannot te
utilized virtually. The fact is that on the real trcgcspheric lines
the width of the antenra raciaticn pattern dces nct usually exceed
19, and the length of secticn ccsprises nct #cre thar 300 km, the
respectively ralative time lag c¢f the cospcrnerts cf multigle-gronged
signal 1ces not axceed Q0.2-0.3 pys. Therefore with the pulse methecd cf
measurement transmitter sust 9ait pulses cn tte crier of 0.1 and even
0.05 ms. Cnly *then at receivipy enc¢ it will te pcssitle tc in
sufficient detail ottain the fcra c¢f the fpulse reacticn of the
section of line, But €c¢r ckbserving such gulses it is necessary tc
have a passtand cf receiver c¢r the crder cf 1C MHz2. In this Ltrcad
tand in the existing ererqy pacaneters cf trcgcstheric systams the
signal-tc-noise ratic will ke close to urity; this strengly isgedes
teccrding pulse zeacticr at teceiving end. Nct randcmly in the
literature ccepletely ttere is rc infocrrmaticn abtcut measurements of
the pulse reacticn of the sectico ¢f trcpcsgheric line with the

tencil-bean antennas.

Anaother matter is tlte measctresent of erergy fpulse reacticn by
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the descrited above gethcd with the aid cf tte spectral analysis cf
the composite *ransfer functicn ¢f secticn., True, and in this case
for the investigaticr is necdessary the kroaé tard (¢n the créer ¢f 10
MHZ), in which is realized tke measuremanrt cf tte frequency ard ghase
responsas of section. Ecwever, sigrals frcr tte cutguts of the
amrlituvle de+tectcr of receiver and instrement IVZ, which are
deteraining the form of tnese characteristices, hav2 a band crly
several hundr=d hertz. Thkis allcws alsc in a srall signal-tc-roise
ratio in th2 broad band at the input cf receiver to successfully

conduct the measurement cf the energy pulse reaction ¢f secticn.

As i+ was already shcwet, fcr cbtaining the readings of energy
rulse raaction it is necessary tc expand in Fcurier series the
composite transfer functicn ¢f secticr. Thies car be made, for
exaaple, gJrarhically, after using the phctcgragks cf frequency
characteristics and characteristics of group tire lag, thotccraphed

trom the oscillesccpe face (see, fcr exarsple Fige 3.7 and 3.1C).




oac = 30025107 EAGE T

P x4

]

Fig. 3.12. Energy pulse reacticn and mear squares of signal
)

anplitudes in *he aquivalent model when §$v>1
2.

Fage 117,

Howevar, is consid~=rably mcre effective *o cttain ¢hese readirgs
autcmatically, with the aid ¢f tke srecial meastring installatien

wvhose tlock diagrae is sbhcwrc ic Pig. 3.13., 1tis installation contains

auxiliary generator witp frequaancy f, (cr tte crder cf 100 kEz) and
gpectrum analyzer. Agxiliary generator is mcdulated in the signal
frequercy from the outgput c£ iostrument IVZ ard in the asplitude -
signals frem the ovtrut ¢f the asplitude detectcr cf receiver with a
change in the frequercy characteristic by sweer. Signal frcm the
cutput of amplitude detectcr pericdically, withk the frequency cf

sweep F, repeats the fcras ¢t the frequency craracteristic ¢£f the ’

. e




DCC = 30025107 FAGE #»7
34>

section nf line. Ceonsecuently, the amplitude cf auxiliary generator
freves to ba the modulated "forao® ¢f the frequency characteristic cf
secticn. Signal £rom *“te cutput cf instrument 1V2 periodically, with
the frequency cf sweepr F, regeats the fcrm cf the characteristic of
the group time lag of secticn. C(cnsequen%tly, the frequency cf
auxiliary generatcr grcves tc ce scdulated characteristic «, cf
section. As is known, with thte frequency mcdulaticn the laws of a

change in the phase an¢ freguency are cornecteé with the relaticnstip

e =fowma. (3.95)

Therefore the phase cf auxiliary gereratcr prcves to be that
modulated according *c the law cf sntegral cf chtaracteristic =, But
integral of t» it defices, as is kncwn, the single characteristic cf
section. Therefcre tte plase c¢f auxiliary gererator periodically,
with the frequency of =swveep F, repeats the fcrr cf tte rhase resgcnse
cf section. Thus, in tte¢ descritea installaticr is cttained tte
signal, amprlitude and fhkase ¢t which teriodically regeat the
frequancy and phase resgcnses of section. Thtis signal, naturally, tas
line spactrum with the spectral lires, distart fcr the fraequency cf
sWweep P. It is easy to urderstacd that this lirear spectrunm
corresponds %o the axparsicn ot the coméésiﬁé transfer functicn cf
the section of line in tie Fcurier series ir the interval cf sweer.
Thus, it suffices to aralyze the spectrur cf tte sicnal cf auxiliary

genarator in crder tc determine the discrete readings of the fpulse

reaction of the secticn cf line.
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Fig. 3.13. Block diagram of installation fcr aseasuring the readings

cf energy of the pulsed reacticr af the secticn cf line.

Keys (1) . dutput ChD. (2). Transmitter. (3). Receiver. (4). 1VZ
{receiving par+). (5). It is frequency. characteristic. (6). 1IVZ
transmsitting part). (7). Characteristic. (8). Auxiliary generatcr.

{9) . Oscillograph. (10). Spectrug analyzer.

Fage 1113,

In the lescribed ins*allatico tlis is realizeé with the aid cf the
spe<ial spectrum analyzer, which ccnsists cf several quartz filters:

“central" filter is tuned tc a frequency cf auvxiliary generatcr

and remaining fil*ters - fcr fregueancies “=F The cutput signals cf

|
?
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all filters are detecte¢ and with the aid c¢cf the electren ccrsutatcer
jutcmatically, alternately are conrec*ed tc the vertical plates cf
¢scillograph. As a result cn tne oscillosccepe face is clktainec¢ the
ranorama of the amplitvdes cf the delayirg sigrals cf the c=quivalent
model c¢f£ rpropagation. It i1s lcgical that the values of these
amtlitudes con*inuously chance in the *ire as a result of a chtange in

the structure of nmultigfle-prcoged trcgostheric chanrnelt,

POCTNOTRE !. The qgiven here xethcd cf measuresent of pulse reaction
should be carried to the methcds cf frequency radar, just as the
renticned it is above rethed ¢f seasurement with the pulse mcdulaticn
cf transmitter - *c *he setkc¢ds cf rulse radar, Th=2 respectively
described here installeticn £fcr seasurinc the pulse reacticn ¢f the
section of trcoospheric line is, actually, gultipurpcse twc-pecsiticr

frequency radar.

To utilize for measuring the fpulse reacticn of the secticn cf
line c*her known metltciés cf frecuercy radar are canrct, since all
known frequency radars &re single-gositicn, i.e., werk cnly during
the loca*ticn of transmitter and receiver in cre rcint (fcr exasrle,

see [3.247). ENDECCTNCTE.

With 4he ald of the descrited installaticn were carried out the

measurements cf the rulse reacticn of *he gecticr cf trcrospteric
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line with a length of 2((C ka with the antennas with the width cf the
radiation pattern of 1°, Sweer was realized ir the tard Af=8 MHZ,
which fiva *imes =2xceeds the tand c¢f correlaticr. Pig. 3.%4a and t
shcws signal amplitud2s in the €quivalent mcdel, phctcgracheéd frem
tha oscillzssccpe face at differert scments cf time. With the selacted
tand of sweep Af=8 ¥WH2z these signals are lccated on the timenlaq on
r3=1/4£=0.125 us. In the upper right-hané¢ ccrner cf Piq.-g;;g; is
cshown the signal of ausziliary Jeneratcr, moculated the asglitude of
tha corresronding fregrency characteristic cf the secticn; ir tbhe
upper right-hand ccrner cf Fig. 3. 14t - the ccrrespcnding

charactaristic cf grcup time lag, cttained at +te cutput of

instrumant IVZ.

Accordirg te a large nuaker cf photcgrart it was estaklished
that th2 protability districuticn fcr the sicral amplitudes in the
aquivalent mcdel nbeys thbe law ct rayleigh, this contirms the
conclusicns of theory, givern aktcve. Were alsc calculated the ras
values of amrlitudes, i.€¢., the readings cf tle energy gulse reacticn
of the secticn of line. lhese readings are skcwr in Fig. 3.1%5.
According to the discrete readincs is ccrstrrcted enerqgy pulse
reacticn cf secticn cf linsg, shcwa in Fig., 3.1%5 bty sclid line. Pcr
the comparison of theory and exgériment, in tte same figure cctted
line showed *te theoretical curve cf enetqgy ftlse reaction,

censtructed in accerdarce with fcranla (Z.€1).
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Pig. 3.4, Signal amplitudes in the equivalert mcdel, cktained by the
pethod of Pig. 3.13; A¥ the sigral of auxiliary generatcr (a) and

characteristic ™ (t) .

Faqe 119.

As it was shown intc §3.3, the enercy tulse resacticn of the
secticn cf trcpospheric line with the percil-team antennas is
conpletaly determined ty the tctal radiation pattern cf receiving and
transmitting antennas in the vertical plane; this radiation pattern
is approximated ty guadratic exjcnential curve (3.5€). For the
confirmaticn c¢f this pcsiticon in Fig. 3.15 céash line shcwed tte
experimental to*al arterra radiaticn pattern., This diagram is
cbtained as a result cf seasuresents witl tte aid of the receiver,
established on the heliccpter. Fcr convenierce in the ccmpariscn cf

radiation pattern is ereicy ¢t putlsed reacticrs alorg the hcrizental
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axis, besides tinme lag v, areé plctred alsc the engles £, calculated
in the vertical rlane relative tc the axis c¢f “he antennas; the
connection bhetween v ard g is determined ty relaticns (3.55), (3.%7)
and (3.58). A gncd ccircidence ¢f a3all three curves in Pig. 3.15 shcus
the corrac4nass of the premises, made in this chapter during %he
analysis cf the fraquercy and tise charactericstics c¢f the section of

trcgostheric line.

a=300xm | | L
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Pig. 3.15. Experimental energy pulse reacticr ¢f the secticn cf line

and antenna radiatior pattern.

Key: (1). Pulse reacticn theory. (<). Diag. arta. of exp. (3). Pulse

reactionary exp. (#). s
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Page 121,
Chapter 4.

FEOWER OP NOISES IN TELFEECNE CHANNEL AT THE CUTEUT CF ONE SECTION CF ’

LINF DTR.
§4,1. In*roduction.

On2 cf fundamental qualitative indices cf any ccmmunicaticn is
signal-to-noise ratic at tke cutput of channel. Ncise sources in the
channels of communicaticn cf radic relay line can be divided into tvo
fundamental forms: the first includes the interent ncise, determined
ty the thermal agitaticcs of input circuits ¢f receiver (ncises cf
the independent origin); the s2cond ncise scurce are the transient
interferences, which agpear during the transasissicn multicharrel

telephony {(noises of t}e dependent crigir).

With the frequency modulaticn, which fcurd widest use cn the

radio r=lay lines, includirg co tke lines D1F, the pcwer of cwn
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thermal ncises in th=z channel wita the werk ¢f higher than tte
threshold is inversely gropcrkticnal tc the gcwer cf signal at the
inrut of raceiver. In this case, since *he sicnal at the input of
raceiver has rapid and slow fluctuaticns, the rower cf inherent noise

in the channel is 3lso subjected tc fluctuaticns.

The reason €for transient interferences with ChlM is the
inadaquacy of *he circuit of line. In the lines CTR, Lesides the
sources of the transiert interfererces, characteristic to the usual
radio relay lines (fcr ¢reater detail, see chapter €) ther= is also a
specific source - multi-team character of the sigral in the place cf

reception.

In this chapter will cte examined *he methcds of calculaticn cf
+hermal noises and trarsient interferences, caused rty the pulti-Lean
charactar of signal, and is alsc found *he cptimum value of the
deviation cf frequency, which ccrrespcnds tc the pirirmua of their
sum, Here (§4.3) will te axamined cne additicral means of
distorticns, characteristic tc channal DTR: the linear distortions,
which are datermining the fluctvations of overall line attenuaticn in

the channel and changes cf tte ghase of the fvndamental harmcnic.

Page 122,
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§4.2. Thermal noisges at the cutgut of the secticn of line DTR.

The psophometric gowsar of thermal ncises in i telephone chann=zl

0% radio relay line witk Ch# is determined ty the fcllowing fcraula

{2+ pcin*t with the level cL tseful signal P2« Ngp):

kT A Fx3, - ‘2, ’
p,= — =1 {i) e, uem, +.1)
Pc!x \Afx

Kevy: (). 9.
wvhere n -~ a coefficient cf receiver noise;

kT - product of Bcltzmann's ccnstant (k=1.3810723) to

absolute temperature;
AF¢—~ width of bané of telegkcne channel;
hae— PSovhometric coefficilect;

Poax— power cf signal at tke input cf the receiver:

the

Fi— the medium frequency cf the i charnel in the groug

spectrum;

Ai— effective deviaticr cf frequency tc one channel.
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Formula (8.1 is valid cnly with the sicmals, which exceed

threshold values Chnt),

FOCTNOTZ !, If signal falls Ltelcw the threshcld cf iaprovement ChH,
then ncises in *he channel shacgly grow. The tize, during which
cccurs this drop in the signal, determines the reliatility cf the
work of line, ENCFQOOTNCTE.

Poax 2 Peaop =13+10) Py gxe (+.2)
vhere Pusc— the inherert ncise of recaiver. In this case the paower
cf nois=2s at th2 outru* cf the EM aiscrirminatcr of recesiver has the
triangular spectrum. Thri: means that upper telephone channel is
located in the worst ccrditicns. Fcr the equalizaticn of the noise
characteristics of charnels are applied the special fcur-gcles: the
pre-distorting filter in tne transmission increases the deviation c¢f
frequency in the upper chaanels due to the deécrease cf the deviaticr
of the frequency cf lcwer channels and the restcring filter, leveling
level of useful signal at the recegtion. The characteristic cf the
pre-disterting filtar acccrding to the recommendaticns cf MKRR [
- International ®adio Ccnsultative Committee? is aprrceximated by

' . n‘-".‘:‘ 7/;:4
curve FHFI=04-135 {?:)'*0“5(;§>' in which Fs— ypper cut-off

frequency cf the group sgactrua. Fcr the upper, the worse, cltannel
the coefficient cf predistcrticrs is equal tc¢

BYF,) = by =25, (4.3)
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The tvower of signal at tbe ingut of receiver is determined by

the narame*ers of aguipment and cy total atteruation tetween the

cutout of transmi*ter atd input ¢f the receiver:

P-.Ge
> maVe

Fom= T, (4.4)

P

vher= P.i— povwer of the transmitter;

G.— total amplificaticn ¢f the transmitting and receiving

antennas taking into acccunt the lcsses cf aptenna gain with CTR.

Por the pair of arntennas with the factcrs cf asplification -

and Gz *he losses cf aaplificaticn 9. are determined on the curve

Fig. 1.16 (in the times). Then

G _ Gﬂ:GnD " (45)

s =

dye

Page 123.

Total attenuation 4 with DTF is determined by fading
signal in the feeder lines, which connect trarsmit=er and receiver

with tha antennas, free-space attenuatior

Awry =1

ixd )2
Y .

. ‘
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where 4 - a distance retween the transmitting and receiving antennas,

A - wavelength, and finally Ly attenuaticn factcr . by that

considering weakening s=ignal during the remcte trcpcsgheric

gropagatlicn relative tc tae field c¢f fraee sgpace and fluctuaticn of

this weakening in the tirse. doea— randcm furcticn cf time. It is

determined, in the first place, by average anrual value A, irn the

saccnd place, seasonal clanges 4, and, thirély, randos rapid ¢
and slow Ax fluctuatices:
Aoen = Aerdiesdds. (4.7)
Since the line cf ccamupicaticns must operate satisfacterily

the wcrse (from the pcint cf view of radiowave prcpagation)

in

conditions, value A should be to take by tte equal to attenuaticn

in the worse winter mortis ard eptire calculaticn made fcr the product

AuAu: = E, (4.3)

where A - a rms value cf signal in the wcrse according to prcragation

conditions menth, After supostituting intc fcrrula (4.1) value P.gy

frcm formula (4.4) taking 1nto acccunt (4.,5)-(4.8), we will trave €fcr:

2

the ugper worsa channel at the fpcint of zerc relative level .7 =

kT A Foxs 2 -
= <fne i’-) AgAcyro Ay 4.9)
P ( nalnp \b \A fx
& T, | bnp
e/

Py =

In the qualitative examinaticn of teleghcne channel vital

importance has the average-sminute power cf ncises in the chanrel;

and
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MEKTT [ MKKTT - Int=rraticnal Telegraph and Telephcne Consultative
Committee ) and MXKR in their recomamendations {see Clkapter 6)
rormalize precisaly it., 1Tnerefore in forwula (4.9) it is necessary tc
rass from instantanecus gcwer ci ncise ir the channel tc the
average-minuta cnes. Fer tanls value p,. must be averaged frex the

rapid fadings, i.e., tc find 331,

FQCTNOTE ', It should te noted that with the averaging cn the rarpiad
fadings is obtained not the average-minute value, but average in 3-5
pin. This *ime is determined the need for the develcpwment of the
statistics of signal during the rapid fluctvaticns. Averaging in 1
pin would accurately give fcr cre ccmgplete ("Fayleigh®") perfcrmance

3-5 different averaée-mjnute values, ENDFCCTINCTE,

Prcm formula {(4.4) taking intc acccunt (4.7) it is evident that s
is inversely properticral tc tae pcwer cf sigral at tte ingput cf

receiver Pcax-
Paqge 124,

XKnowing *he distributicr of pcwer ¢f sigral with the ragid fadings,

gresents nc di€fficul*ies to finé 4¢ fror the fcrxula:

.
-

P = | — WP, )P, (4.10)

tCBXk

D
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1)

vhere\y.p.“\__ orobability density ¢f the power cf signal with

single or diverse racerpticn.

Thus, for the ortisum additicn with +*he r-fcld receptior intc

formula (4.10) it is necessary to substitute distritution (2.41)

S

taking into account (2.26) and (2.25). As a result cf computing the
integral we will ottain value 1, in the function of a number of
diverse receivars N in the fcra 1) §

3

L
dg=—2— (N> 1), (4.1
2V —=1)

where

- value cf signal amplitude (see formula 2.213).

FOCTNOTE !. With single recepticn 3, there dces not exist, since

integral (4.10) diverges. ERDFCCINCTE.

Formula (4.11) makes it possiktle tc determine the ccefficient cf

improvemen*, obtained frcm the use c¢f the diverse reception with

cptimum addition . .. it tie fcru: ,
) R i (4.12)
..'.)'_;_ ul:;j‘nl 2‘\1‘_:)- R 4

i AW e

L
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Coefficient . determines the ratic of the median value of the
average-minutae pcwer O0f noise with the diverse reception to the pcwer
¢f noise, which corresgpcnds to the rms value ¢f signal with the
single reception. For cther metkcds cf the ccatination of the diverse
signals the computation c¢f 1ntegral (4.7C) presents consideratle
disficul*ies, Por the lipmsar acddéition, which is ¢f greatest interest,
was carried out numerical ictegraticn. Tte values of the coefficients

cf imgrovement are given in Taole 4.1,
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Fabla 4.1,
!
i Mpuex 72)
Lt nene \ AN
/Q : C200eHHNR (g){ csetBereAiHnd '4 )
EPEu |
Drmivansroe ‘S N3 . J,i7
- ! '
Tioednoe () 2.3 ! 0,28

!

Rey: (1) . Addition. (2). fecegticn. (3). doutled. (4). gquadrugled.

(5) . Optimum. (6). Linear.
Page 125.

As a result of the slow fluctuations of signal the
average-minute value cf thermal ncises at the cutpat cf cne secticn
cf tropospheric lin= P, changss according tc a ncrmal-logarithamic
law together with Ay. Ccefficient when Ay ir feraula (4.9)
datermines the rms value cf sigral (co the slcw fadings) P-. Taking

into account (u4.€) and (4.1z) velue P for the ugper channel at

zero-level point can be determined according tc the fcruwula:

Fo i
Ly (4.1
i) (4.13)

5. (+0)2 kT A i.‘xic By Yy (

T ( G2Gp
RA ; -

\\
J AT bap
‘ye /

‘ For standard *elerhcne chacrnel (0.3-3.4 kHz) with unifora ncise
distributicn (xgc=0.75)

adtdo v, £y

[ Gnalap 2

P.=045-10"" a (4.13a"

v P:x(‘-—T—“}A,K

r‘Yl‘.
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Tha avaerage-minute value cf ncise changes arcund its median
value according to the rcrmal-lcgarithmic lav whose distribtuticn is

rerresented in Pig. 4.1,

€4,3, Transient nolses, caused ty sultiple-grcnged radicwave

rrcragation.

As it was shown ir chapter 3, multigle-grcnged radiowave
rrcragation in the secticn c¢f ticpcsoheric lire causes the
nonuniformity of the amglitude-frequency characteristic and
charactaristic of the qrcup propagation time. It is kpown that with
the frequency modulaticn, which as a rule, it is utilized on the
trcrospheric lines, the rcnuniformity of these characteristics leads
to the distortions of wmcdulating signal (4.1, In particular, with
multichannel telephory in this case appear transient ncises ir

telephone channels.
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Pij. 4.1. Law of the distrituticn cf the average-minute value of

roisa,

Rey: (1). BRms valua cf ncise in dv raelative tc the median cf cne

receiver. (2). In uprer telepkcrce channel. (3). Time, doring which is

exceeded value, indicated ¢n crdinate.

Page 126.

Por the section cf trogosphberic line the fcrm cf the
amplitudle-frequency characteristic and characteristic cf the greug
cropaga*ticn time contirucusly changes in the time randomly.

Respactively changes tle crcsstalk volume in telephcne channels
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Therefore during tha design ¢f tropospheric lines it is important tc
kncw th2 law cf probability distrituticn fcr the power c¢f transient
noisas, It is necessary t¢ also nave a fcrmula for calculating the
average-minute power of transisrt noises, since in the norms cf MKKR
for the *trcovospheric lines 1s irdicated grecisely *he average-minute
gower of noise (4.1}, Furthermorse, it is impcrtant tc estimate the

dacr2asa of transient rcises during the use cf the diverse recepticr.

Pormulas for the calculaticn cf power cf the transient ncises,
causad by the multi-tear character of radicsave gpropagation, will te
cbtained in this section, they are valid fcr the existing in gractice
trcpospheric multichanrel systegs. In such systems the lengthk of
saction, the wiAd+«h of tte artenra radia*icn tattern, and alsc the
deviation of frequency degectd cr a number of telephcne channels,

pmorsover with an increase ip the numbter ¢f channels usually tte

TSI

foreshortened leng*h cf secticn ard decreases tte width c¢f the

antenna radiation rcattern (i.e. increases their amplification). This

RN

is explained by the fact that witan an increase in the number cf
channels increases the passtard c¢f receiver, and therefore fcr
guarantaeing the threstcld ChM recessary the tigher sigral level at

the input of receiver., Cn the other hand, with an increase in the

numbet of channels for giaranteeing the necessary relation of
signal/thermal noise usvally is necessary tc increase the effective

Jeviation, which corresgcnds to the measuring level cf cne telephone
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channel (deviaticn "tc the channel®#). The afcresaid is illustrated by
I&bles 4.2, where are ¢iven the values cf the parameters, tyrical for

multichannel trofospheric systeas.

Powar cf transient interferences. With the frequency modulaticn
tultichanrnel communicaticn u{t) the signel at the output of

transaitter takas the tcia

dag = Lycesfwy i ~ dw, si0), (1.19)
vher=2
!
s(f) = ju)dl, {4.19)
moreover i
— ! Jungl (4.16)

vith the probability, the clcse cne tc the urit; Jdvw.~— zaxiasuam

deviation cf the frequency; Uy -~ signal amplitude.




DCC = 30025108 EdaGE A&

Py

fable 4.2.
i ! 1
. | Clupusia 1Barpamun ' Jemuawss <3 nanats
YAca0 <3HANCE ¢ OORNHR y9ACTRY, KK HIMDIAACHHCETH GnTEREA | S \ o
(13 roy | evad 29 (U9
) )
. P ! 1 Ho :
o ; SvLe) ‘ i 160 j
(20 ' 206 : 0,3 ; 200 :
N i

Rey: (1) . Numter of cheannels. (z). Length of section, km. (3), Width )

¢f antenna radiation pattarn deg. (4). Deviaticm "tc¢ channel®™ cf khz.
Fage 127.
As a result of the sultiple-pronged prcpagation cf radic wvaves

in the section cf trcpespheric line the sigpal cn the input cf

receiver consists of a large quartity of delayirg components. We will ﬂ

thus far consider *that at the input cof receiver there are by n cof

Aiscrete components, the k-th ccspcnent tavirc asplitude Uy delay

i and ohasae o«

As has already been indicated in chapter 3, in actuality
multiple-pronged signal at tke input cf receiver has rmore corrlicated
structure and is the ir gemeral ccrtinuue of the compcnents, how
conveniantly which differ little in the time lag, Hewever, assumpticn

about the discrete set ct the delaying ccmrcnents makes analysis mcre
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dencnstrative.

Under the made assusgticn akout the discrete structure cf
pultiple~rronged signal channel (4.174) at the input cf receiver takes

the fornm

Unp= D UxCOS[0 (t ~T,) + A0, st —T,) ~ @yl. (4.17)
Ll

After simple trigcncasetric ccaversicns thte signal at the input
cf receiver can be precsented in the form cf tte quasi-harmenic
cscillaticen

Upy = U (f)cos[ayé + Ao, s(t) + B (1) + ¢4, {4.13)

wvhera U(*) -~ the amplituce cf tnis oscillaticr, ard ©(YJ— its phase,

roreover
Uty=VX@) <), {4.19)
— Y (0 ,
em_mETE” {4.20)
vhere

X(t)= Z Uecos {oyTe + 30, [s(t) — s (¢t — 1] + ), (4.21)

Xuml .

Y = X Ussin{ogte + 8o [50) — st —wl + 7). (4.2

v | .

From expression (4.18) it 1s evident that as a result of the
rultiple-pronged radicwave grecpagation tte sicnal at the input cf

receiver acquires "parasitic™ asplitude wmoduleticn., This amplitude

modulaticn mus*t te substéentially suprressed ty limiter, otherwise it
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will cause the consideralkle crosstalk volume in telephcne channels
{4.1). Purthermore, frca (4.18) and (4.1%) it fcllows that the
instantaneous frequency at the input of receiver as the derivative cf

its phase is determined Ly thke expressicr

@*(2) =mo+m_u(:)+5‘£ . (4.23)

Fage 128. i

Consequently, sigral at the cutput cf the FM discriminatcr cof

receiver takes %he fcrre 1) j

—. (4.24)

FOCTNOTE !. During this recording it is assumed that the prcduct cf
the transmissicn factors cf the frequency shift key and the ENM

discrisinator to equal 1, i.e., during %he urdistcrted transwmissicr
the signal at the ocutput of detectcr is equal tc signal at the input

cf modulatcr [4.2)]. ERCFCCINCTE.

In *he latter oxpressicn first term is tte undistorted
cosminication and the seccnd -~ distcrticr prcdect which taking into
account (4.20) is equal to

Loodm ! Ny in =Xy

Sy = 10 , , A . {4.23)
Auw, &8 Awag Xy = vy
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Here and throughcut grime cdesignates the cperaticn c¢f

differentiation,

Further analysis will Lhe carried out taking into account the
indicated in Table 4.2 ligitaticns which occur fcr thé'existing
rultichannel trorospheric systeas. In Cchapter 3 was cbtained
excression (3.61) for the energy pulse reacticn of the secticn of
trcpospheric line. Prcm® this exiression taking into account (3.60)
and with a.= 8500 km (average ccrditiors c¢f refracticn) is easy tc
find that for the rparaveters cf a 60-channel system g( ry)=0.1, if
7,=0.2 us, and for the parametars cf a 1Z0-chanrel system g{ r;)=0.1,
if +,=0.05 us. This means thar the appearance cf compcnents with
delay relative to the center of pulse reacticr is respectively acre
than 0.2 ps and 0.05 us have small probaltility. Ccnsegquently, it is

possibla to consider tlat ip exfpressicns (4.21) and (4.22):

P foy .,
T, 20,2 mxcer TRt Vo= 60

. +.26
T, << 0,03 stkcex npd o= 120 ( )
Key: (1). with.
Purther from (84,.15) it follcws that
si—s{t—1g = | a(at. (4.27)

K
During the use of standard equipment fcr multiplexing the upper

cut-off frequency multichannel ccamunicaticr with 60 channels is
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equal to 252 kHz and witt 120 cnaprels - 552z kHz. Ccpsequently, the

reriod of upper cut-off fragqueancy is approximately 4 us and z us.
Tan. °, in%tc account (U4..6) this geans that ip exrressicns (4.27) the
rerriod of the mest rapid cnanges in intecrard ut) is much mcre than

the intarval of intacratica T,
Page 129.

Therefore in the interval of integraticr fumcticn u(t) can be

considered in effact rerranent and, therefore, instead cf (4.27) it

is bnssible to record the approirimate asquality

i) =S —T) Tu) T, {-4+.28Y
Lat us further ncte tnat with 60 teleptcrne charnels the

eftactive Jevia*icn cf gulticharnel commtnicaticn 2xceeds deviaticn

t~ the channel 2 times, and with 120 charnels - 2.3 times [U.1].

Therefore accordiny to data froa ?;ble 4,2 fcr the existing

trcpospheric systems tte effective deviatier ¢f multichannel

cceaunication conposes with €6C chamnels Z0C kkz and with 120 channels

- 460 kHz. It is alsc kncwn that the maximur deviation multichannel
! communication 3\, with probatility 95o0/0 nct mcre than 1.5 times

i exceads its effoective deviaticn [4.2). Cersecgrently,

- - {‘) *
Afn <300 xey npy NV =60
r \/ Y TPl 1 (4.59)
*

L
Afn. <090 xey np\# N =120

i j Rey:s (1. wi%h.

E—
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vith the crrobability, the clcse cne tc the unit,

It is easy to show that duriang limitaticrs (4.16), (3.26) and
(¢.29) nccur the aprrcximate agrualities:
sinfdw 2 () 1) = dw, )Ty, (4.20)
cos{dw, (1<) (4.31)
(exror dces not exceed 10/0). Téking intc acccunt (4.28), (4.30) and
(4.31), exrressions (4.217) and (4.22) can te 2rrroximately presented
in the foras:
3 n
X {t) = ‘\_: e COS {WwyTy — CPK) —Adw, u(n ‘\_: Uatesin (WoTx — Ful,
Az=i vax )
(1.32)
«1‘ . . n‘
V()= }_ U siN{adgTy =~ 6,0 — dw, u(2) ‘\- U T4 CO8 (0,Tx = $u)e
Awe | Amm} H
(4.33)
Let us examine now first terss in exgressicns (4.32) and (4.3},

fFrom the ccmparison with exgressicas (3.84) is evilent that these

terms are real and imaginary parts of the trarsfer function c¢f the

section cf *ropospheric line, i.€., PQ) and (o). Bvident alsc that
the sums of second terw®s of expressions (4.22) and (4.33) are %h9
result of differentiaticn p(Q) and Q(Qy with respect to the
frequency; leot us desigrate these sums “trcugh 2) and Q' Let us
recall further that the real and 1smaginary gparts cf tte transfer

function of the section cf tropcspheric line are the prcjecticn cf
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the amplitude of total signal, at the pcint cf recertion with the

vector image cf the sigral (see Chapter 3). Fage 13C.

Consequently,/ﬁﬁ) and Q(Q) can te recorded in the fecrm

P(Q)=V°§(?S¢o\$' (4.34)
Q) =V,sin®, |

vhere Vg - amplitude ctf total signal at the pcint cf recepticn and
#,— 1its phase. By analcgy #(Q) andQ'iQ) it is pcssikle tc cersider
the p;ojections of certain "wodified” signal, ard, as can ke seen
from (4.32) and (4.33), the ccafcoents of this signal have asglitud-

L. time lag ™ and phase ¢. Resrectively can be recorded

Priy =V snd,: 133
G Q) =V, cos D, ' (4.99)
whera V, - amplitude of tne amcdified sigral, eand P — its rtase.

Taking into account (4.34) and (4.3%) exgressicn (4.32) and (4.33) it

is possible to rewrite ir the fcrs:

XD =V, — Ao, 0V sind,y, 14.36)
Yin=1V;sind, —dw, <0l cosd,, (4.37)

Let us determine first the power of transient interferences fcr
the "frozen troposphere®, i.€., in the ccnstart paraseters of
eultiple-pronged channel. Therefcre we will ttus far ccnsider values

.t and ¢, as constants, then in (4.3€) ané (4.37) on time derends
only u(t). Taking inte acccurt this, let us differentiate (4.36) arnd

(4.37) on the time and we will use relaticnstip (4.25). As a result
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after simple conversicns we will cttain for the croduct of the

distortions

<) = 2 VVicos® ) (4.38)

-2 . IR TIE 7 SRy X e, el
S =g x DYV Sn @ = A, e () VY

Let us further exfand tte right side cf exgrressicen (4.3€) in
saries accerding to decrees of u(t), mcreover weé will te restricted
to terms of expansion nct nigher than the seccnrd decree., As a result

after obvicus ccnversicres we ¥ill cbtain

.

v . ! AL s
)= Feoshu{N——Jow, ! 2 | 3 2P L)) —

a

<~

(Y -

(700 N2 cos® (1 — 2c0s 20} {ue (1)), (4.39)

-

o
J
/

A
3 3 ‘

= |
&

“her?

P =d,—d
{prime Jlesignates the ftccess of differentiaticn). The first remter
of expression (4.39) ccntains tlte derivativs c¢f the modulatirg
function u(%). Since sgpectrum u'({t) dces nct ccntain new srectral
components in ccmparisco with u(t), then the first term determines
the so-called "coharent® prcduct cf distcrticrs. This term dces nct
bring about transiant interferences, tut gives cnly change in the
level c¢f useful communicaticp ir channels [U4.1). The second tern
determines distortior gprcducts, incoherert with u(t), and therefcre

characterizes the level c¢f transien* interferences.

Page 131,
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The third term alsc in essencs ccntains nonccherent products;
however, it i+ has alsc coherent %ith u(%t) part. Thus, transient

noises are de+ermined ty the second and third mesters cf expressicn

(4.39).

For convenience in furtter ccaputations it is expedient to

introluce standardized values, after designating

Vi
U§=Tg , (4.40)
vt ,
1=? ) (4.41)

where 2 and VZ — mean sguares of values V4 ard V,, and v, ard v,

the standardizad values cf these values: it is ckvicus that

=1, 72 =], Let us ncte pow that according tc (4.38) and (4.35)

V=P~ =20

vhere o7 and 42__ the sean squares cf the prciecticns cf tthe
0 1 q F

anglitude of basis ard mecdified signrals. As shkcwn in chapter 3 energy

pulse r=2action of the seécticp of tropospteric line rlays €for randon

functions p.Q) and Q(Q) tte same rcle, as energy spectrum for the

random process.

It is kncwn that tte mear squeare cf process is aqual
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to inteqgral of the enercy spectrum all over frequency region.
Consequently, by analcgy Ltetween the fluctuaticn noise and the sigral
vith the mul*tiple-prcnged structure value :; 1is equal to integral cf
the energy pulse reacticn all cver reagion of tiwe lags. Por the
existing in practice *rcposghberic systems energy pulse reacticn is
even func*tion r. Theretcre o} 4is determined bty ths relaticnshirp

0

values prgy and gy are derivatives cf PpP(Q) and Q(Q) in the
fragquency. It is known that the energy srectrum of derived prccess
can b2 obtained from the spectrum cf fundamental rrccess by
multiplication on Q% 1herefore by analcgy ketween the fluctuation
noise and the signal with thke multirle-grenqeé structure "“energy
spactrum”™ for P(Q) and Q(Q) <can te obtained frcm the energy pulse

reaction a{ r;) Ly multiplicatico ¢cn s}

Consequently, value g%- is determined ty the relaticnship

of =2 | g(v)dr,. (4.44)

0

Page 132,

Now according to (4.42), (4.43) and (4.44) it is possible to

reccrd the fcllowing acuality:
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After comparing the right sides of expressicns (3.%2) and

(4.45), vwe will ck*tain

2

o= r, (4.46)

v
Let us recall that Ar.— the gzean value cf the absclute
divergence of group time lag fLrca sean value =1, — is calculated frcam
formula (3.76). Express in {4.39) values V, ard . through tteir
st andardized values, Purthermcre, let us ccrsider (4.46) and will
drop in (4.39) the first term, wvhich is deterzining the coherent

grcduct of distortions. let us cesignate alsc:

W20 = A0 o, {4.47)

—;ﬂ o d i —cos 2 I =M1 0, (4.48

As a result we will cbtain exgressicn fcr the incoherent

! products of the distcrticns

Lt = @ S w0 L =gy N el e (+.49)

Let us no*e ncw that in work [4.4] duricg the ccmputaticn of the
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rover of transient noises is cbtained the expression, which has the

same fcre, as axpressicrn (4.49)1),

PCCTNOTE !. The presenteticn cf work (4.4] car te fcund also in

f4.1]. ENDFOCTNOTE.

True, this expression ip wcrk [4.4] is ottained fcr the produoct of
the distortions, which agppear in the apparatus circuit with the
constant parameters, and therefcre coefficierts ¢ and ; are here
constant values. In cur case msultigle-prcnged trcposgheric channel
has the variable parameters, an¢ therefcre ccefficients .., ard o
randoaly change in tte time. Hcwever, these ctanges cccur much slower
than change in the sigpral multicharnel ccamunication. Therefcre it is
Fossible tc consider these ccefficients as ccrstants and, after usirg
the relaticnships cf werk [4ald4], tc determine the pcwer cf transient

noises at the output cof telepbcre channel,

Fage 133.

Cbtained thus power will depend on the slowly changing paranmeter
which determines the law cf protatbility distribution for the

crosstalk volunme.

Lat us note alsc that for the real tropcscheric lines, taking
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into account (4.48), and alsc tte statistical prcperties of randonm
variablas vy, v, and ¢f it is pcssible tc shcw that during the high
percentage of time +*he gpcuwer ¢f transient ncises is determined in
essence by the first mesker of exgressior (4.4¢). Thereforzs let us
leave in expression {(4.49) cnly first t=2rm ané¢ will make the same
ccnvarsicns, as in werk [4.4]. Bs a resul*t takirg intc acccurt (3,.738)
ve will cttain final fcrsula fcr the power ¢f transient noises at the
output of telephone chapmel at pcict with the zerc relative level.

2i s ND)

AFcs2
Pa=10" — L Qx FR(2= AF e P yy(0) > 22, wem, (4.50)
AF ctal

¢

Key: (1) . mW,

vhere AF — band of teleghcoe channel; Fi,— the mediur frequency cf
the i channel, Kae— the psophcmetric ccefficient; AF=F,-F, - widtk
cf the spectrum nmultichapnel communicaticm; P, F, - respectively
lower and upper cut~-cff frequencies multichanrel communicaticn Afs—
deviation "to the channel"; °=—£E£f“— dimensicnless coordinate cf
the medium frequency cf the chanpel; 42(0) — furcticre, which
calculates the distributicn of transient ncises on the tasis (¢ +he
spactrun amultichannel ccssunicaticr (in Fig. 4.2, undertaken from
{4.4), is shown the gragk cf this functicn); Pep — difference in the
negers betueen the average level K of talepkcne channels and the
seasuring level cf ore telepbcne ckannel; with V<240 p., it is

determined frcam formule [4.1]:

pcpz(‘l-,‘* 4 Ig .V), 6. (45])

»-—-u-ll!w-!IllMllI-ﬂ-"'H-l'!-!H."-!-I-l-!"--..-'l.‘
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In axpressicn (4.%C) p, 1t is the randcmn variatle, deterasined ty
relaticnship (4.47). Prchability distributicn fer value p, depicts cn
the ralativa scale distributicn for the gower cf transient
interferences. Value p,, in tura, cegends cr randcm variatles vqa, v,

and @ The statistical prcperties of these values to us are known.

g
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<
1

Fig. 4.2. Distribution cf power cf transient pcises in the grcup

spectrum (in the relative units). |

Fage 134,

As has already keen indicated in chapter 1 and 3, the anplitude !

cf the total signal vy is distrituted acccrdirg tc the law cf

raylaigh, and i*s rhase ®; was distributed evenly ip the limits

from 0 to 2#. Projecticns of tne aarlitude ¢f mcdified signal PQ)

and (Q/(Q), being derivatives of the normal distribution cf values
PiQ; and Q:Q). are alsc distrituted ncrmally [4.3]. Conseguently,
the amplitude of the mcdified sigpnal vy, is distrituted according tc

*

the law cf rayleigh, and its phase <. is distrituted evenly in the

limpits frem O tc 2w. Purther, since » 0 aré Q') is
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statistically no%t deperded frcm PpPiQy and QtQ) [(4.3], ther values
vq and v, are no* dererded, and a difference in their rhases ® is
distributed evenly frce C tc <zw. The methcds cf tha probability
thecry make it pcssitle te f£ind the law c¢f prckatility distrituticn
for the functicn from several racdcm variables, if are known +the
static prcperties cf these values [4,2], [4.37. %ith these methods in
[4.5] is fcund the intecral law cf distributicr fcr value p,, which

takes the foram:

1 ST , i
1P, L Vir—4Pd112n,
, p—1Y ——— ; 0<p3<L
W 5 sz1—4a Pl =Pt 20, 2
a -y ) = ' ;
Wiy <Py ', - w52
P Vo4pi—1 ,
—= - ~
arctg———=— P2, > =,
< 1 abd : 2P, —1 .2
R —

The curve of the intagral law cf prcbhatility distributicn for

value v, is shown in Fic. 4. 3.

Let us examine now expressicn (4.50), which is determining the
Fower of transient ncises in teleghcne channel. Prox this expression
taking into account (4.47) it is evident that the pcwer cf transient
noises grows with decrease c¢f v¢g, i.€., with the decrease of signal

at the input of receiver. This 1= - important fact, since frcm the

3ignal at the inrfu* cf receiver depend +ttersal ncises in telephcne
channel (see §4.1). Corsequently, the increace cf thermal ncises with
the rapid signal fading is ccnnected with the increase of transient

noises. This connecticn however, is not sincle-valued, Ltut has
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statistical (correlative) character, since crcsstalk vclume depends

rct only on vg,

but alsc c¢n randcs variatles

v,

an

4

1

@.
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Fig. 4.3. Integral lav c¢f prcbatility distritgticn fcr the transient
roises, caused by sultiple-picnced radicwave prcpagaticn: 1 - single

reception 2 - the doubled receptice.

Key: (1). The time during which [, is lcnger than the value,

indicated on axis cf crdinates.

Fage 135,

Further from expressicn (4.50) it is evident that the pcwer cf the
transient ncises, causeéd by the sulti-beam character c¢f propagation,
is oroportional to the width of the antenna radiaticn pattern to tte
fourth degree and to tte lergth ¢f the secticn ¢f line to the eighth
degree. Thus, the power ¢f transient noises stargly grows vith an

increase in the lang*h cf secticp and exgansicn ¢f the antenna
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radiation fpattern. Purtterscre, frca (4.50) evident also that the
power of transient necices depends substartially c¢n the value ¢f an
equivalent radivs cf Farto i, 1.€e. €rcm the ccpditicns of
refraction. Physically ttis is explained ty tle fact that with
detarioration in the refracticn grcws the scatterinc angle arg,
therefcre, increases tte relative time lag ¢f the ccrponents,
re-emitted with the hetercgeseities of tte trecpcsrhere. The
conditions of rafractico slcwly change in the time. Ccneequsrtly,
crosstalk volume, besices tte ragié¢ fluctuvaticrns, caused by a change
in the multiple-frcnqged structure c¢f sigpal, has also relatively slow
changes. It is ipportart toc note tkat *he level cf thermal ncises
also has *the slow changes, ccrnoected with the slcw signal fading at
the input of the receiser (se¢ Chagter 1). Mcrecver, slov changes in
«he thermal and transient ncises have statistical ccnpecticn end tthis
rus* te had in mind durircg tte cesign cf the trcrespheric lires of

communications.

Gain with the diverse reception. On the troposgpheric lines for
dealing with the rapid signal fading is uvwtilizeé¢ the diverse
reception moreover in gractice fcr quararteeing tha necessary for
stability cf ccmrpunicaticn usually is utilized the guadrupled
teception, Pcr adding fcur signals accepted ir essarce are utilized

two systems of the additicn:




DOC = 80025108 FAGE 34
283

1) the additicn cf siganals in pairs in tte circuit cf
intermeiiate frequency tc the detectors, after which the signals €fronm
the output of *wc det+tecters store in the circuit cf the low

frequency:

2y the addi+ion c¢f all fcur sigrals in tle circuit cf

intermediate frequency tc tne detector.

In both systems during the addition of sigrnals in the circuit cf
intermediate frequency with tkte aid cf tte sgpecial devices is
rrcvided +he ccincidence ¢t fregueccy and phase cf the stcred

signals.

Let us examine first hcw inficences the gcwer c¢f transiert
noises the diverse recepticn duricc the vse by the 1st cf the systenms
indicatad. During the additicn cf two sicnals in the circuit ¢f
interaediate frequency value Vv, in exgressicn (U4.47) is an
arithmetical sum of twc values, distributed acccrdicg tc the law cf
rayleigh, the law cf prctability distribtuticn fcr *his sum is
determined by expressicp (2.44). Let us note that the additicr "in
the phase®™ is realized cply fcr the fundamertal signals, but not for
thcsa medified. As has already teen indicated, the rcdified signals

are statis*ically not cdegended frcs the tascs, and therefore they are

added vectcriallv.




—

ccC = 30025108 E26E 35

Page 136,

Meanwhile it is kpown that vectcr sum of twc values, distributed
accerding to the law ct rayleigk, is alsc distributed according to
the law cf rayleigh [4.2 , {4.3] and, therefore, in expressicrn (4.47)
value v, has Rayleigh yprccability distrituticr, The rhases cf the
total vector v,, and alsc the tctal vectcr v; in add in guestion
system, as before, are distrituted evenly frcas C tc 2». Consecuently,
in expression (4.47) a difference ir these theses & is alsc

distritnted evenly frce C tc Zw.

Taking into acccunt the statistical prcrerties of values vy, v,
and » indicated in [4.€] is fcund the intecral law cf the
rrotability distributicr cf valtve g, during *he dculbtled rececticn ard

the addition of signals tc tle cetector. This lav *akes the frorm:

1
E

) ) __[l Tl L= P

'”-C:‘B\ )._l
| :
! Qnr)-\.'r‘ > T T
| ) =T
! aloap -
where R - functicn P,, €IFLe€SS1CE 17T wh'cr ces 17 4,
Th2 curve of *he {ntejyira. .ev . » o oI valne 1, is
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constructed in Pig. 4.2 next to the curve fcr the single recefption.
From Fig. 4.3 it is evident that tke use cf thke dcubled recegtion
during the addition of signals tc the detectcr =significantly
decreas=2s the power c¢f transient ncises., This is understandatle,
since in this svstem c¢f addatict ¢ccurs an izprcvement in the
uniformity of *he amplitrvde-frequency characteristic and
charactaristic of the grcup time cf propacaticn cf the secticn of the
line (s<e Chapter 3). Curing the additicr cf twc signals in the
circuit of intermediate frequeacy to the detectcr at the output of
detectcr are summarized taermal apné transient ncises. Then are
summarized lcw-frequency signals frcm the cutputs cf twec detectors,
moreover in the system in questicn is realized the linear addition
(see Chapter 2)., However, with sufficient fcr the practice accuracy
it is vossible to consider ttat here is ccnédccted thte autcmatic
selection of that of tte lcu-frequency signals, for which the power

cf noises is minimum,

Thus it is first necessary to find the irtegral law of
protability distrituticn fcr the sum of thermal and transiant noises
¢n the output of datectcr. Frrther it is possitle tc calculate
probability that the tctal ncise at cutput ¢f toth detectors does nct
exceed the specific value. This grcbability gives the intaegral law cf
distribution for the suas ¢f ncices in the lcw-frequency circrit,

i.e., for the system cf the quadrugled recepticn as a whole. Since
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the total noises at the cutput cf detectcrs are nct degended and
detectors are identical, then according to trcéduct rule [4,2), [4.3]

this integral law is detersziped Ly the relaticnshig

:";;"nucfa < -Vcne?s) =] _W(ncuerl > ~\"cqe.'a) =
=1—-W (”r;u > Nw)- (4.54)

Fage 137.

Main difficulty with the scluticn of this prcbles consists of
the detarmination of the law cf prcbability édistributicn fer the sur
cf tharmal and transiept ncises with dcutled recepticn i.e., in tha
determination of functicno quu;>NQRX The fact is that, as it was
already shcwn, fluctuaticns of the level of ttersal and trancsient
noises at the output cf éetectcr are statistically derendent, which
consideratly ccmplicates the detersinaticn cf the law of distribution
for their sum. Nevertheless, ty the methcds cf the gprctability thecry
this problem can te sclved; tkcwever, mathematical calculaticrs are
very complicated. Therefcre tkese calculaticrs here are not given,
but is given only final result, i.€., the law ¢t prctatility

‘ distributicn for the svs cf ncises durinc the guadrurled recegpticr

and the addition cf sicoals in the circuit c¢f lcw frequency. This law

is obtained by the methcd of numerical intecraticn in electrcric

computer and it is aralytically expressed te i%* cannct. Grarhically

! this law of distrituticr is depicted as the curve, shown in Fig. U4.4.
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where Voo

i i Neza Voo
¢ vertical axis js here ped r2latico cani

j ding tc
>¥er of transiert interteces, desicned acccrding

i ds tc
(4.50) with p,=1. The cyr in Fig. 4.4 cCITESEOD

‘the averaga pcuer cf theersal and *ransient noises; as 1t
shown into §4.4, tnis equity ccrresgendés tc the cptirus

" cf frequency in whici tmiverage tctal pcwer cf transient
"al noises minisum. Hcwevercalculaticns shcw that in other

i oises the
10f the average power cf timal and transient n

i i i tteir sus
¢ the integral law cf prck.ility distritutice for

(ttle frcm the curve ip Fy. U.U.

i ncises
Ng a curve of the law cf .istrituticr for the suxz cf
o) i § it is nct
atput of detectcr, after using relaticnship (4.5, 1

the
d tc find curve for the total pewar cf ncise during
with that quadrupled

3in the circuit ¢f lcw frequencv, i.¢.,

. .

L. This curve is alsc stcwr in E‘jg. 4.4, Frcm the ccegarison

¢ s f£i T t ¢t tkat tte ! epticr
in this 'gl! € i is eviden a quad:ut_:lei Lecer

. . ith
i n ccmgarisen wit
5111y decreases tke cvershccts cf ncices i F

o[




sec = 30025198 FAGE 3,88’

B L TP B TR
wy
;Jw.l.‘r:wu! “.":5?;"‘-'
au pdumm ()
Fig. 4.4. Inteqral law c¢f prctabilaty distrituticn for the sus of the
thermal and transient rcisas: 1 - the doubled recepticn; 2 - the

cuadruopled reception.

Kay: (1) . the time during which is higher than tha value,
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Here P(a,B,7v,2) — thke designation of the hyrergecmetric function

whose values are tatulated.

Avarage—-minut2 fpower cf tramsient ncises. Foraula (4.50)
determines the power of transient noises, measured during the shert
period of time (of seccné), until the multifple-grcnged structure cf
signal can he considered ccnstapt., Meanwhile in the reccmmendations
cf MKKR for the trcpcsgpieric lices is ncrsalized the average-minute
povwer of necises [84,1)., It is cbvicus, fcr ccegruting the
average-minute pcwer it is necessary to finé the rums value cf value
E» in accordance with its law of distributicn, Certain difficuylty
here lies in the fact ttat the tkecretically rcct-mean-square valus
cf value p, does not exist. This is obttainel tecause the thecretical
laws of probability distriputicr f£¢r f,, deterzined by exrressions
(4.52), (4.53) and (4.=5), assume possible the hcw conveniently large
"overshoots™ of transient noises. It is in actuality certainly, suct
"overshoots" on the real lines c¢c rct cccur. Therefcre during the
computation of the rws value ¢f [, urper integration limit shoculd te
restricted. Is expediert tc accept tnis limit equal tc N

15. This value p, corresgcnds ¢t the real trcpcsrheric lines tc the

overshoots of transient roises tc 10% pWH. As it is
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Page 138.

Let us examine now add system, in which is realized the additicn
cf all fcur signals tefcre the detactor (lineer addition, see charter
2). In this system of aéditicn value v, in expressicn (4.47) is
cbtained as a result cf the additicn cf four values, distributed
according to the law of rayleigh. Eowever, the law cf prcbtatility
distribution for tha sum cf fcur stch values tc cttain complicatedly.
Therafore %o it is mcre ccnvenient consider tlat value vy is
distributed according to the law for the sc-cglled cptimum additicse
{see Chapter 2). This lawv is very close to tte law fcr the lirear
addition. As far as value is ccrcerned v, entering expressicn
(4.47), then, as has already beeo indicated, the mocdified signals
stor2 without the tunirg of the phase; tterefcre v, is as tefcre
distributed according tc the law of rayleigh. The phases cf tctal
fundamental and total c¢f that mcdified of sigrals ard, consecuently,
also their Adifference ¢ ate as kefcre distrilbuted evenly in the
linits frcm 0 to 2». Taking intc account the statistical prorerties
of values v,a, v, and ¢ 1ndicated by the metkcds of the prokability
thecry (4.3] can be fcurd the density of distrituticn of
probabilities for value p, during the additicn cf fcur sigrals to the
detector. This density ct distritution takes the form

Wria — 032,07 %=, ; ==
V2 cvers X P ouera) =003 F 230 30 3.5, 1—P2_, 0\ {4.33)

© e - g ————g——— A i, o &
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2
establishad/installed experimentally, the overshccts, vhich exceed

this value, 40 nct occrur.
Fage 139,

Thus, according to the rule cf the detersinaticn cf average value
{4.2], [4.3) the rms valve cf value p, can te determined Lty the

nethod of computing the inteqgral

_ Paake .
F= | nW¥idn (4.56)
M

wvhere W(p,) - the density of distribution cf prcktability for g, with
the single and diverse recepticrs determined ty expressions (4.52),
(4.53) and (4.55). Aralytically integral in (4.S€) is calculated very
complica*tedly, and therefcre mcre simply tc rescrt to the nuserical
inteqration. Grarhic calculaticr c¢i integral in (4.56), carried cut
in accordance #ith the curves ian Pig. 4.3, and also expressicn
(4.95), gives follovwinc values Egz

A=13, (£.57)
with the single recegticr
pi=0.3, (+.33)
during the doubled recepticn and the additicn cf signals tc the
detectcer

p;=0,17. (4.39)
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In the system of the guadrupled recepticr during the additicn cf
the pair of signals tc¢ tle detactcr, and then by the additior of
cignals frcm the cutgut cf twc detectors tc determire the
averaqe-minute vower cf transiert interfererces is imrossible. As has
already Lteen indicated, in this system is ccnducted the automatic
gelection con the sum cf transient and thermal ncises, and therefcre
here has sense he speaks crly atcut the tctal average-aminute pcwer,
Furthermore, this total é&everage~-rinute pcwer will depend on ttre
relaticnship between the thermal and trarsient rcises. There is
greatest ;nterest for tte practice in case, wken with the single
receotion the average-winute power of thermal and transient rcises
are eqgual. This corresgcnds to the minimuw tctal rower of the ncises

{see §4.4).

Calculated average value ia accordance with curved 2 in Fig. 4.u
it shows that in this case in tke system cf tte guadrurled recepticn
in question tha tctal average-mipute vovwer cf thermal and transient
noisas 3 times (to S dt) is less tnan tctal average-minute pcwer with

the sinjle recepticn,

I conclusicr let us note that the calculated here average pcwer

cf transient noises, strictly spreakina, is rct average-minute. The
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fact is that the steed cf signal fading and, ccnseguently, also the
frequency cf the "overshcots" of transiert ncises on the real lines
comprises the ovcrtions ¢f hertz. Tierefcre dcring the minute usually
are observed a total ¢t several ccrosiderable cvershocts cf transient
noises, which is clearly insufficient for detereipning tte average
value for the rinute. Trerefore it is necesstary tc keecr in mind that
the calculated here valtes cf average power atrce average for a few

pinutas.
Fage 140.

Transien* noises duve tc the parasitic arcrlitude modulaticn. Frem
exrressions (4.15), (4.18), (4.19), {(4.21) arnd (4.22) it is evident
that as a result of the sultiple-gronged radicwave precpagaticn the
signal amplitude at the pcint of recepticn is acdulated multichanrel
copmunication u({t). It is krcwn that if this garasitic AM conmpletely
is not eliminated in tte limiter, then it causes transient ncises in
telaephone channals [4.1])]., we will cot be it tere gives the derivaticn
cf formula fcr cemputirg the pcuser of transiert noises due tc¢
parasitic AM, but let us give crly the methcd cf cbtaining this

formula.

For cbtaining this fcromula cne should subtstitute (4.36) and

{6.37) in (4.79), Further expressicn for the signal amplitude it is
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rossible to lead to the fcra, the analogcus expressicn from [4.6] 1),
wher2 are examined trarsiant interferences due tc parasitic am,

eopearing in the circuit equipmert.

FCCTNOT®R t, The presenteticn cf tbis work is given also in [4.1].

ENCFOCTNOTE.

Then, after making the same cc¢nversions, that alsc in [4.6), is easy
to obtain final formula ftcr the calculaticn ¢f power of transient
ncises due to parasitic AM. Thias fcrmula fcr the roint with the zero

relative level o€ usefrl signal takes the €crrn

2a20Fu iy a2V BE )
PH“ = .o;-—l—F—‘ "‘.:lc'“'Srp i2=Aj e CDT;}?, sem, - (4.60)
Key: (1) . W.
here . coefficient, which considers sugpression AM bybliniter,
E; - randcea variable, egual tc
oy =—5in®, ' 4.61)

)

remaining designations in (4.60) the same as in (#4.%0). Parameter f,,
depending on random variables vg v, and ¥ determines the
fluctuaticns of crosstalk vclume. Taking intc account statistical
rroperties indicated atcve cf values vy, v, ard & it is pcessitle

to find the laws of grciebility distributicn fcr value p, with the

i A IO RS

A= oyt

e e oo yospr—

|




Loc = 30025108 FAGE 46
19¢

single and diverse recepticns. These laws are cttained intc &4.3; Let
us here point out cnly that in the receivers cf tropcspheric lines is
required the very strcng supgressicn by rarasitic AM in the limiter
for gquaranteeing a small crcsstalk volume. Calculaticns according to
formula {(4.60) and experimental measurements chcw “hat with tte
coefficient of supcressicn AM 1r the limiterx v..n= 0.003-0.C04
rower of transient ncises due to parasitic !® ccmposes with tte

divarse reception cnly several ten piccwatts.

Gain from the intrccéucticn ¢f predistortions. Cn the radio relay

lines with Ch¥ with multichannel telerhcry usually are utilized the

rredistortions of the grcug sgpactrum, with which increases tte
deviation in "“uprer® telerbcne charnels and it decreases in the
"lowar ones®" (4.1]. The intrcducticn of predistcrticns changes the
level not only of thercal cnes, tut also trarsient ncises. Ttis
question is examined ir {4.7], whbere is deterwzined the ccrresronding
gain from the introducticn ¢f predis*tortions, As it was shcwr atcve,
on the real troncspheric lines trarsient ncises due tc the zulti-lLean
charactar ¢f rreragaticn are detersined in essence ty the 1st meamber
ct expression (4.49), i.e€., Ly the rrcduct cf the distcrtions of the

2nd order.

Fage 141,
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In [4.7) it is shown that the predistcr*ticns, introduced in
accordance with the curve of MKKB {4.1], decrease tle pcwer cf the

transien*t noisss c¢f +he 2nd crder (on the 2rd hrarwonic) to 5 3k, cr 3

times., Consequantly, aré fcr the transient rcises due to <the
rulti-beam character c¢f fprcpagaticn in ugper telerhcne channel we

have a gain from the irtroducticn cf predistcrticns.,

1y
s

Onpeg =3 06 (3 pasa), (4.62)

Rey: (7). *tima.

Experimental measvrements., The expaerimertal measurements cf the
povwer of transient ncises regcatedly were ccrducted cn the rcuotes cf
different extent and witt different antenna directivity. The results
of these peasurements, given in [4.5] and T8.£], ccincide well witt

the calcnlaticns acccréirg tc tre formulas cf this section?,

POCTNOTE 1, EBxception are the rcutées above sez where the presence cf
the strong reqular ccmrenent cf sicral significantly decreases the

crcsstalk volume. ENDPCCINCTE.

In Pig. 4.5, undertaker from [4.5], is shown the scmple of the
recerding cf cresstalk vclusme cr reccrder tagpe. This recordirg is
f nade in the secticn cf trcpcspheric lin2 with a length of 30C km with
| the single and doubled recepticns (during tte additicn cf sigrals tc

the detactor), Crosstalx vclume was recordeé at the cutput of
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telephone channel with the rrequency that "rresenting" tc 275 kHz.
The effective deviatior c¢f frequency, which ccrresgends tc measurirg
level of cne telephcre ckancel, was 100 kHz; the width cf the antenna
radiation pattern of ~19, Frcm Fig. 4.5 it iec evident that the
crosstalk volume ccatirucusly is ctanged due tc a chkarge of the
rultiple-pronged structure cf sigral and at tte separate mcments of
time they take rlace the sharf "cvershoots™ cf this level: the
doubled reception substantially decreases a quantity and a value cf

such overshoots.

PRI,
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vclume on reccrder tare.
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Pig. 4.5. Sample of the recordirg ¢f the fluctuaticns of crosstalk

Doutled recegtion. (3). Sirgle reception. 9 /. a4c

The simultaneous reccrdiry of signal level cecréucted at the input cf
receiver shoved that a starp increase in the crcsstalk vclume is

connectad, although it is ambkigvcusg, with deer signal fading.

Fluctuations of cverall line attenua*icr and thase of signal in

i *elephcne channel.

f
!
)
f
g

In /4.2 it was shcwn that 1st

term c¢f exgressicn (4.39)
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etermines the coherent prodoct c¢f distorticrs which has the sanme
spectral components, as useful ccmsunicaticn, Ccherent grcduct is
summarized with the usefrl ccamunication gecmetrically (it is vector)
and are precduced change in level and phase ¢t signal at the cutpu* cf
telephone channel, I*% is kpcwr that signal level at the ocutput of
telephcone channel is detersined ty sc-called *"cverall line
attenuation® in chanrel [4.1). 1nus, the appearance cf a ccherent
prcduct, caused by the auvlti~-keag character cf prepagation, is
equivalent to the fluctuaticns cf overall line attenuation ir the
channel, which produce cltance ir tke vclcme ir sukscriber, ard alsc
they can lead to self-excitaticr ir the charnel. Therefore these

fluctuaticns must not exceed the specific valuet,

POCTNOTE 1!. Norms to changes in cverall line attenuation cn the lines
"direct visibility are given intc 4.1. Pcr the trcrcsgheric lines cf

sych nerms thus far there dces nct axist. ENLCECCINOTE,

Changes in the phase cf signal during the trarseissicn cf voice
communications d¢ not have a value. Hcwever, these changes can lower
the stability of comrunicaticn during the seccndary sultigplexing cf
telephone signal channel ci telegraph or tinary infcrraticn (see
Chapter 7). In acccrdarce with (4.39) the ccterent precduct cf the
distortions, caused ty tte asulti-peam ~haracter cf gropagation, is
equal to

v, ‘ . :
L) =——ccsbu i) (4.63)

(5
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Por determining the fluctuaticns of overall line attenuaticn ard
thase of useful signal let us assuse that tc the inprut cf telephone
channel is given the siagple tcne. let after tle transfer intc the
spectrun c¢f group frequencies this modulatirg sigral have frequency

The amplitude of tte scdulaticrg sigral, as intc €4.3, let us
take as equal to 1. Then the modulating signal takes the fcre

u(f) =sinQ¢, (4.64)
Pifferentiating (4.€4) ca t and after sutstituting result in

{4.63), we will cbtain fcr ttke ccherent preéect

) = Q2 cos Peas Q1. (4.65)

z ™
Fage 1413,

v
Let us explain the now physical sense cf value —-ws P Per this

~
'
express the derivative cf the phase resccnse ¢f secticn, i.e., grcug

time lag, through *he real and imaginary parts cf the transfer

function (see Chapter 3). In acccrdance with (2.33) we have

—48(Q) _ P (2R — P (D

4q P @)+ (2) .00

Aty

After substituting (4.34) and (4.35) in (4.56), after simple

conversions taking intc acccupt (4.40), (4.47) and (U.42) we will
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cbtain

v
At =—-cos (4.67)
Qo

From comparison (4.65) and (4.67) it is evident that the

coherent produc* c¢cf distcrticns 15 deterzineé ty exrressicn
e () =QA T ,cosQ¢ (4.68)

The fundamental harscnic of signal at the cutput of the FNM
discriminator is compcsed cf the urdistorted ccmmunication u{t) and
coherent product e4(f). Ccrsequently, the fundaxental harmonic of
signal is determined bty the exgression

w(t)=sinQt+-QA 1 cosQ¢ (4.89)

Exoression {(4.63) is easy tc reduce *c the fcram

u () =U,;sin{Q¢+§y). 4.70

where
U,,,;:}/l—e—(QAr,._,)’ . 1.71)
fr=QRA T, (4.72)

Group time lag chapnges randcmly as a result ¢f a change in th=
pultigpl2e~pronged structcvre cf tbe signal (see Chapter 3).
Faspectively randomly cbange amplitude U, ard phase £, for tte
fundamental harmonic of signal at the output ¢f the FM discrisinator.
The frejuency of these fluctuations has the sare crder, as tte

frequancy c¢f rarvid signal fadinc.

From the =2xaminaticr cf exjressicns (u.7c). (471 and (4.72) it
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is gpossible tc draw twe ippcrtarnt conclusicns:

1) wi+th any changes Arp cccurs only a increase in the asmplitude
¢f the fundamental harscric, l.€., the decrease cf cverall line

attenuation;

2) *he fluctua*ticr cf tte phase cf sigral car te ccnsidered as
jts delay to p=riocd Aﬁv_iu:the:uczﬁ, frow (4.72) it fcllows that,
geasuring the phase c¢f signal at the output cf the FM discriminatcr,
it is possible with the kacwn G tc obtair valve Ary; this methed cf
reasurefents is used extensively cn the trcrcspteric lines (see

Chargter 3).
Page 144,

Thus, amplitude anrd pnase c¢i the modulating signal at thke cutrut
of +he PM discriminater are ccaspletely determined by value [wcrds nct

found in dccument] wgy l.

PCOTNOTE 1, This is cecrrect fcr any fcur-pcle, if in the limits cf
the spectrum of th2 rodulated signal the value rractically is not

changed; hence occurs tterm "grcup time lag®, i.s., the delay time of

the modulating signal. EMFEFCCINCIE.
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It is nacessary, hovever, to keep in mind that relaticnship
{4.39)and, consequently, alsc relaticnships (4.71) and (4.72) are

approximate and give sutficient accuracy only with the fulfillment of

limitations (4.26) and (4.29). 2s it was shcwr into €&4.2, ¢n the
trcpospheric lines, interded for aultichannel *elsphcny, these
limitaticns in the higlt fercentage cf tine are frlfilled., But at tte
separate, rare acments ¢f time the lisitaticrs indicated can and not
cccur. Therefore with ssall protaktility are revertheless pcssitle the
cases when signal amrlitcde dces r¢t increase, tut it decreases, and
the phase of signal nc lcnger is determined ty value JAup at the

frequency ug.

Th2 integral law cf prcbabxiity distrituticn fer -ty is cktained
in chapter 3 and takes fcra (3.5C). This law determines prcbatility
dis+tributicn fcr the fluctuaticns cf amplitude and thase cf cseful
signal with the single recepticr if MNt-p with prcbability W dces nct
exceed 1A then with tle same prctability ® signal asplitude does nct
exceed | |~ ,u\-,,;Y, and the phase cf signal c¢ces nct exceed Qg
Luring the doubled recegtict and the additicr cf sigrals tc the
detectcr we dc nct thus far have a law c¢f rrctakility distrituticn
for Ar, This lav can be dete¢rmined, on the basis cf relaticnship
{4.67). As it was shcwr int¢ 4.2, in this systems of the diverse
racaoticn valua V4 has density cf distrituticr (2.44), value V,; is

dis+tributed according tc¢ the law ot‘gayleiqh. and value ¥ s
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distributed evenly in tte liaits from 0 to zs. Taking into account
the statistical rroperties cf values V,, V, artd P ipdicated in
accordance with exgressicp {4.67) in [4.6]) is fcund the inteqral law
¢f rrobability distributicn fcr value 7, durirg the doukled

receptinon and +the additicer cf signals *c the detectcr. This law takss

the fcrm

R f_—(z— Y (4.73)

:\\T_ ! iST o I~ S

vhere Ar, it is calculated frcas fcrzula (3.76).

@uring the quadrurled recegticn and the additicn of sigrals to
the letaector values V, ard ® as tefcre have Fayleigh and urniform
grobability distrituticns, and value V, has a law of distributicn for
the sum ¢f four values, distributed accerdirg *c the law cf rayleigh.
However, analysis consiceraktly is simplified, if we ccnsider that the
amplitude cf the input signal V, has grctability distribution the
same as in the systanm cf the automatic selecticn cf the best cf the
sianals, As shown in chtagpter 2z, prcbability distribution during ¢the
guadrupled recepticn arc tkte autcsatic selecticn is close to the

distribution Juring the additicr cf signals tc¢ the detector.
Page 145,

17aking into account *he statistical rroperties cf values 745, V; and
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'®> dipndicated in [4.9) is obttained the irteqral law c¢f rrotatility
distritution for Jr, vripng cuadrvpled recerticn and additicr cf

signals to the detectcr. This law takes the fcre

'
%)
o

S 48 .S
i YI—T ysi=2 yS3E=30 ) 34

let us note that with S>>1 cccur the asysptctic fcrmulas:

AT l
W 2 o S ~— -
ul( A > ) Se \4.130)
AT ) -
mn . 2 ‘ >S ‘S_‘ . v 4a)
I

The curves of the laws cf prcotability distributicn fcr value
Atp with “he doubled ard quadrugpled recegpticns are ccnstructed %c
Pig. 4.6. Is here for tte ccupariscn cecnstructed the corresgcrnding
curve for the single receptico upndertaker frca Pig. 3.8. Comrparing
(4.€1) and (4.67), we se€ that these curves ccrrespcnd alsc tc

protatility distributicr fcr value [y.

As it follows frecm (4.72), seasurement ¢f the rhase of tke
fundamental harmonic of signal tc the output cf the FF discrisinatcr
gives value v, BExperirertal measurements JAtp were ccnducted in the
secticn cf trcposvheric line with a lenqth cf 3CC ks with the
antenpas with the widtt c¢f the radiation pattern cf 12, The results
cf thas2 nmeasuremen*s tcth witn dcubled and with the single

receptions ccincide wel]l with tle thecretical laws cf distritution
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for Argp. Measurements were ccnducted with the aid of the instrument
IvZ and i+t is in detail described intc 83,2, Cn tha rcute indicated
were conducted also the seasuresents cf the fluctuaticns of the
amplituvde cf the fundanertal tarsconic of sigral at +he cutgput cf the

M discrisinator.
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Pig. 4.6. The integral law ¢f prctability distrituticn for
fluctuations *» with the single and diverse recegticns; 1 - single,

2 - doubled, 3 - quadrctgled receptions. 7

Key: (V. Time during which P; is higher thap the value, iadicated cn

the axis cf ordirates.
Fage 146,

In thesa peasurements tc the input cf the frecuency shift key cf
transmitter was supplied sintscidal signals with the frequency of 2Z7°
kHz and +the level, which ccrresgonds to deviaticn 140 kHz. with

receivinag dead eonding the level ¢f *he fundarental harmcnic c¢f the
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Jetectel signal was reccrded with reccrder tare (Fig. 4.7). In this
figure it is evident that fcr tte fundamental tarecric a
characteristically sharp increase in the level at thte separate
moments of time ("overstccts®). Evident alsc that the voltage of the
fundamental harmenic dces nct £ell ktelow the stecific level. Was
carried cut the recordirg cf the fluctuaticns cf the fundamental
harmonic at different mcdulating frequencies frcm 14 toc 275 kHz. This
reccrding showed that the fluctuations of the fundamental harmcnic
increase with an increase in sccdulating frequercies. a1l this is in
comgrleta2 agreement with ccnclusicns o€ thecry. According to the data

cf tage recerding cf chart-recording instruszert were ccnstructed the

experimental curves cf probability distrituticn fcr the fluctuaticns
cf the fundamental harwcric witt tke sirqle ard dculkled recertions.
These curves coincide wvwell with thecretical, c¢esigned accordirg to

fcreulas (4.71), (4.76) and (4.73).

§4.5. Datermination cf the ortisum deviatior ¢f frequency cn the

lines DT,

In §82 and 3 this chagter sere determinec tte thermal and
transient noisas of multiple-grcnged origin at the cutput cf crne

section cf lin2 DTR [see formulas (4.13) (4.%0) ).

The to*al vower cft tcises at the ontput c¢f ¢ne section !
.D.N?:P,—‘-P-, (475)
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will depend substantially cn deviation of frequency, since frcm an

increase in the deviaticr the value cf thersal ncises falls:

' po= —1—, (4.76)
A/'; .

but the wvalue of transiert 0Cci1sS€és 1ncreases

=857, (4.77)

POOTNOTE !, Without takirg into account the ncises cf the equipment

~rigin (for details see chapter 6). ENDPCCTNCIE.
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S— — ,
P ) N |
b ¢ o SAMnie recoriing 27 Tlictaticons ¢f resiiual aTtenuzticon
“aTanhova ghignnal Tr v 2T ImaY ! rarsried tare ="77
T A e - e . = v a4 (S~ T e -
-, A Y A g Fo=17) PRV
Page 147.

Values a and 8 determine fros formulas (4.13) and (4.50). for

the ugpar, the wcrse, channel thkey are equal to:

(3P AT & Fensodt dp dvy 7R3y,

1 ==

Bra Cap Gog 4 50 (4.7%)
AF 2 . I
! = |03 ® L)) \2 o e ip , 1, .08 —
P SFony TR ERRTY (o) T — 5 14.79)
cta '

After substitutiag (4.76) and (4,77) in (4.75), it is pcssitle

o5 determine the or«imuve deviaticc cf freaquercy tc channel \\ .:
cerragponding to +the ririmus ci the total ocwer cf ncises at the

cutout of section?,
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PCCTYOTS 1!, The account c¢f the trarsient ncises cf the apparatus
origin whose value usvally 1s stkstantially less *han P: scoewhat

decrease the obtained lceer value cf the optizur deviation of

frequency. ENDFOCTNOTE.

The minimum of functicr P, A, cerrespends

4
Afxamzl/ ’%“ 480

In this case p _p =) qp. After substitutieg in (4.80) the values
a and 3, we will cttain the optimum deviaticr c¢f frequency ir

depending on the parameters of equipment and line DTR

Af ‘/’mhmTAFA¢ZyV@tag -, s
/ — = 2 . (e
o 1/ WP G Grp My ) ’3 S

Permula 4.81 can te ccoverted taking irtc accourt the fcllowing:
amplification factors flatten agd transmitting cf antennas is usually
equal to G=G, and ccnnected with the width c¢f radiation rattern

according to half pcwer with relaticnshir (fcr the raratclic

antennas)
Gn—3
2 ’
3 (pag)
. Yy .
relaticn ——=;— depends or a nuster cf diverse recelvers anpd fcr the

Ay

doubled and quadrupled recapticrs is close tc value cf 1.1¢%

Ys . Ya
?=1;2. ‘T=1,I\;
( I o ),

for *he upper ~hannel y;(e)=0.47: the numserical values kT=4el10721;
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c=le10S kl\/S: Qe=8|5.1cl 'Km.

Page 143.

Then

> g

31

s / — —
8 xony =0.87-10°) / SFnlyeAnA

2 o
Pog i Diemy

P o

(4.51a)

For example, for a 60~ chancnel lire in thte secticr with a lencth c¢£

d=300 k» in *+he parameters ¢f the equipment:

A=C.35

P:_::} ki' n=2'

d¢= 2 4B and to loss c¢f the asplificaticn c¢f the vair cf antennas

FEFERENRCES

Sve="10 @B optimum deviatica

i

. tzn'=65 kBz.
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Page 1419,

Chagpter 5.

EQUIPMENT FOR TRCPOSEHEBIC RADIC BELAY LINES,

§5. 1. Characteristic features ard ccntent cf the equipment of

statiens tropospheric radio relay lines (1IRL).

Staticns of trcrospheric radic relay lines - cceplex of the mest
diverse equipment and icstallaticns. Statiens c¢f TRL, as a rule, are
located far from the pcgulated acreas and, ccrsecuently, alsc far frco
the centralized electric gcwer scurces; therefcre they have their
s@lf-ccntained power supplies. 2t present all staticns c¢f TRL are
serviced and greatly frecuently are comktined with the staticne of
radio relay lines of sigkt cr by the pcirts c¢f cable main lines fer
the association of these all meacs into the ccmmcn communicating

systen.

In the tropospheric radio relay lines it is rossible tc isclate

three types of staticns,
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The terminal staticn, located in the becinning cr at the end cf
the eptire line, exists independently or is z transitionmal lirk frcs
*he radic relay line ct sigkt cr cable mair lire to the trcgpcspheric
line. Terminal staticns can be uttilized with the complete assembly cf
equipment in the beginnirg cf ccesunicaticn retwcrk cr in the reduced
spaca, for example, c¢nly fcr the recerticn cf televisicr prcqram at

the ends cf the tranchincs,

Transit exchange, ir contrast to the trapmsit exchange RFL of
direct visibility, always frovices the demcculaticn cf the
high-frequency signal accpted tc the grcuf c¢r video-spectrum. Transit
exchanges it is possible tc divide into twc categories: staticns with
isclation and intrcducticr ¢f telegfhcne chanrels and televisicn
rroqgqram and station withcut thae isclation of teleghcne channels and

introduction of televisicn pi1cgrasm.

Stations with the kramching prcvide tee-cff c¢f high-frequency
shafts - telephone or telavision, Stations cf ccaglete Lranching,
actually, consist of twc staticns - terminal tcth intersediate and

during the organizatior ¢f ccmmuynication brancting is ccnsidered as

indepenlient line,
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Page 150.

Equipment TRL has such in comson vith eguipzent BRRL of direct
visibility [S.1-S.4], tut at tne same tise irdividual equipmert
atrengly differs from apalogous equipment., Ip the transmitters are
aoplied special ocwerful cutput asplifiers fcr cttaining cn the
gutrut of large high-freguency jcwer. This drawe the appearance of

special water-alr cocling systams c¢f the cutgut urits cf trarsmitter.

In the receivers are applied the hichly sencsitive lcw-ncise
anplifiers - parametric¢ cr cn the tunnel dicdeés and sgecial equirmert
fcr a decrease in the threshcld level of received signal. Aprear nreed
the protection of this eguipmsent frcm the different ipoterferences
and, on the contrary, the need for the protecticn cf cther systezs
from the interferences fgecm tha side cf staticrs cf TRL. Arise the
questions of the protecticn cf the service terscnnel frem the harmful

tiological radiation =2ffect cf transmitters.,

Into the content +he aguipsent of staticts cf TRL is included
the follaowing aquipment and the eguipsepnt: the transceiver equipment
with th2 systems of rereated rscegtion, mcnitcring and measuring,
antenna-wavequide, heatirg, ventilaticn, ingct-ccamutaticnal
aquipmant, the eguiprert cf illusination and ¢iesel-generatcr

installations.
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Depending on the purpose cf station intc it can enter televisicn
equipment and apparatus fcr sultiplexing or isclaticn of telegphcne

charnals.

The electronic equigpsent of stations is lccated in the technical
tuilding, constructed tetween tke antenna systess. At the staticns
with thes antenna systers in the form cf paratclic rectangular wmirrcrs
with the horn feed, referred frca the mirrcrs t¢ the large distance,
the 2quipment is ccnnected with the irradiatcrs by the waveguides
with a leng+h of 50-70 3. During tie use of paratclic antennas with
the reemitters eqguipmert it is exgedient to install in the
three-storied buildings, which substantially decreases the lerngth cf
vaveqguides and it makes it possible to place equipment in three
indepandent ins“rument rcoms: re€ceiving instrument rocm - *hird
landing, by the transmitting instrument rocm - +the second larding ard

ty low-frequency instrvuvaent rcom - the f£irst larding.

§5.2. Block diagrams of the staticas of trogdascheric radio relay

lines.

Lat us examine the Llcck diagrams of the staticns cf

trcpospheric radic relay lires with a differsrt nunmter cf
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high-frequency shafts and witn the different methcds ¢f the diversity
cf receivad signals., Since in tbe majority ¢f the cases terminal
statiaon composas the half intermediate, ther let us examine the tlock
diagram of transit exchtange ¢f TRL with the system cf guadrurled
reception (Pig. S5.1) and by the diversity cf receiveéd signals in tte
spac2 and in the frequercy, interded fcr the tracsmissicn of the
signals multicharnel telephcny. At this statico fcr the vork in each

direction are utilized two transaitters and c¢r fcur receivers.
Page 151,

The use c¢f twc transeitters, tnrcugh which is transmitted one and the
same comamunicaticn, and fgur receivers nct crly raises the quality of
transmissicn in accordance with ap increase in the multiplicity cf

receotion, but it alsc ircreases eguipmert reliability of staticn.

The adopted on twc antennas the sigrals cf the precedinc staticeo
enter four receivers - Fr;, Pr,, Pr,' and Fr,' through seraratiocn
filters RP, and R®P,. Since e€each antenna ticks ur signal from two
transmitters, which wcrk at the different frecuencies, then in crder
to Airect the signals cf tkese frequencies tcward the arprecpriate
receivers they are applied separaticn filters indicated. Cn this

tlcck diagram are alsc depicted thé antenmnas, whkich censist ct

tarabolic reflactor 2 acd hcrn eritter RC, which ensures emission and
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recap*ion ¢f the elactrcragnetic vibraticns ct éifferent
polarization, Signals frcm tke tecrr feed tc seraraticn filters €all
cn the waveguides V. Twc receivers, connected to different artennas,
are inclined fcr one frequancy, ard twc ¢f ctters - tc ancther. The
addi*ion of signals is realized ian pairs. First storesadd ugp the
signals of the receivers, irclired for cne frequency. Additico is
realized in the intermediate frequency before the demodulaticn in the
equipment of addition <1,, and then the additicn cf signals frcm twc
Fairs of receivers tuned to the different frequencies; this additicn
is realized after dersodulaticn in the grcup frequency in cther

equipment of additiorn 1.,
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Fig. S.1'. Block diagram cf the trarsit exchange cf the tropcspheric

radio ralay line with the systes cf the cuadrcrled recertion.

Page 152,

The added-up and modulated signal cf group frequency enters the stand
¢f low frequency NCh, ard then sultichannel eguigsent for
multiplaxing or isolaticr c¢cf channels AU and the equipment cf service

comaunication SS.

On tha side of trarnsmission the signals frcm the equigpment for
sultiplaxing and equirmsert cf official ccmaunication through the

stand NCh are supplied tc the ccsscn fcr twe transmitters mcdulatcer

¥, in which is realizeé¢ fraquency mocdulation. FPurther transfcrmation

|t o,

1255 .0 e . £ WA i
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cf the frequency-modulated signals into the sigrals cf higher
frequency and bringing pcwer ufp tc the necessary value in several
kilcwatts cccurs in twc separate transmitters Fer, and Per,, which
work at the different frequencies. High-frequency energy from these
transmitters on the waveguides is suprlied rescrectively tec tlLe
irradiatecrs of two arterras. At this staticr fcr the work in each
directicn are utilized twc transsitters. Each transmitter works on
its antanna, and each antenna is utilized fcr the recepticn ard fer

the transmission.

At the station is grcvided tke monitorirc and measuring
equipment for checking gualitative indices cf receivers ~9 .
equipment for checking the paraseters of trarsaitters \J.., sgecial
monitors for the measuresents and the group circuit KU. The electric
povwer supply of entire staticn is tealized frce twc primary scurces
cf electric power sugpply EIE-1, PIE-2, Ip ttis case all the equifpmert
cf station is distributed so that the half the receiving equipment,
wvhich works a* one frequency, ard the half tte transsitting
equipment, vhich corresgcnds tc these receivers, are suprlied frcs
one of the sources of fprimary electric pcwer surply, and other half -
from other. During the wmalfuncticn of one cf the sources the

efficiency of station ig retained.

Pig. 5.2 give the Llcck diagram of the trarsit exchange cf the

e ————
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trcpospheric radio relay system, designed fcr twc high-frequency
shafts, each of which carn be used toth £¢r the transsissicn cf
telephone signals and tcr the transmissicn ¢f televisicn progranm,
moreover sonic tracking is transwpitted inp the same shaft, as picture
signals. Station is ccrstructed so that are gprcvided fer tthe
possibility of the simultanecus use of twc shafts fcr the
transmissicn of the signals muitichannel teleghcny, the possitility
of isolation and intrcducticn ¢f telerhone channels and television
grcgram at each station. For this introducticr and isclaticn cf
channels as, however, ard in the precedirg tlcck diagram, at each
station are realized deascdulaticn and rereated mwodulation of signals.
For an imcrovament in the quality and reliatility of communicaticn is
utilized the quadrupleé tecepticc with tte arcular and frequency
divaersity of signals. Cn ths transit exchange are installed tvwc
transceiver paratolic antennas with re-esitters and twvwo horn emitters

for the argular diversity of sicnals,
Page 151,

Cne ant2nna, which ccnsists c¢f the larges mirrcr EZ, tle re-gritting
rirrer P2 and *wc horn eritters ¥#Cy, RO,, is utilized fecr
communication with the precedin¢ staticn, and cther - for the work

with the subsequent statican.

T S ST
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On the block diagras all eleaments of the first shaft have
numeral 1, all elemepts cf thke seccnd shaft rumeral 2. All elements
which work in the directicn c¢f the precedinc station, they are ncted
ty prima, the elements witich wcrk in the directicn cf the preceding

staticn, prime they dc rct Etave.

On the block diagras are depicted tte ir rrincirle important
assemblies of high-frecuency circuit, circuit cf additicn, video- and
group circuits, and alsc the most important elements of commutaticn
and checking. The first staft wcrks in the wmcde cf televisiorn, Lty the

second - in the mode multichannel telerhcny.

Signals from the fpreceding staticn, accepted by antenna and tvo
horn fead, through seperatican fiiters RP,; aré¢ FF, reach thke irfuts cf
four receivers of the first shaft ER,~-1, PR,-1, ER3-1 and PFR,-1, arnd
then to the equipment S1-1. The fclded signale a2re cemxcdulated in the
demcdulater D-1 and after distributor R0-1 enter the equipmert of the
separation of picture signals and sonic tracking FI2, irtc tte
equipment of the correcticn and cf regeneraticr UKR, and ther thrcugh
infut-comnmutation equigsent VKC they are supglied tc the telecast

staticn ¢r the repeater,
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Pig. 5.2. Block diagraws cf traasit excharnge cf TBL tc two shafts fcr

the transmission of the signals c¢f telephony a2nd televisicn.
Key: (1) . Television shaft. (z). Telepghone sltaft.
Page 154,

If at this staticn is realized cnly the trancting of televisicn
rroaraw, then pvicture cignals ard scund after distritutcr are
supplied through the matching device SU-1 t¢ the rmodulator M-1 of
transmitter. On the trarsit exchbanges are installed fcur dcutled
transmit*ers., RPach of +le¢ dcufled trapssitters has cne comaman

anodulator. High-frequercy cscillaticns frcm the transmitters Fer,-1,
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Per,~-1, and Per -2, Per;-Z, tarcugt the uniting filters OP, and OF,
are sugplied tc th2 hcrn feed. The connecticn ¢f transmitters and
recerivers to the commcn horn is realized thrcugh the pclarizaticnal

selector P,

If at this transit e€exchaange cccurs the irtrcducticn cf
televisicn program, then picture signals ané scund frcm telecast
station come input-ccasutaticn equirment VKC, and then the equipment
for the ccincildence cf signals ¢f image and scund SI2, *he ccabined
signals ara sunplied %*c the mcdulators M-1 ané ®'-1 the ccrresecnding

Aoubled +transmit*ers, which wcrk at two different frequencies,

Por checking of the transmitting circuit at the cutput ¢f each
dcutled transmi*ter are ccrtrcl 1-f units BK, which ccnvert cutput
high~-freaquency signal intc tte sigral of interzediate frequency for
its supoly to the cortr¢l demsodulator KD. After cecntrcl dewmcculatcr
rictiure signals ar2 surplied tc the eqguigmert cf measurement and
checking VRO, where is frcvided televisicn mcnitcring systea,
cscillograph with *he attachment for the isclaticr cf the
experimaental row, whicl makeés it pcssible tc grcduce the ccntinucus
checking cf the characteristics cf talevisicr channel withcut the

break of communicaticn,

Por the tuning wcrks ard the preventive seasurements cn the
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gcints are installed tte acncsccpe M, the sersor cf test sigrals TIS

and the stand cf experisental row IS. Signals frem this equipment can

be supplied into different pciots cf the circuit cf image [5.57.

On +he sile cf recerticn thke videosignal car be zcnitcred with
the aid of the televisicr mcpitcrirg system ard the c¢scillcgraph with
the attacheent for the isclaticn of the sigrals cf experimental rcw.

These measurements can ke ccnducted at 2ifferent points of circuit.

Por tuning cf receivers ané¢ ccenducting cf rreventive
L measurements are rrovided ccntrcl scdulatcers %® apd scnitor uvnits of
kigh frequency KB, which anscre the supply cf bigh-frequancy gpilct

sigrals tc¢ the inputs ¢f receivers.

In the teleghone shaft the signals frce the sultirlexing
equipment come to *the irput-ccomautaticn stand VKS, and then the
patching device SU, shichk matches the levels cf sigrals and
resistances of equipwert fcr sultiplexing, cfficial channels, levels
cf pilct frequencies, T¢tal siqgral enters ¢the mcdulatcr M cf the

i
dcutled transmitter.

Fage 155.

0n the side of recepticr after addition 2nd cdercdulaticn the signals

. - .
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enter the separating equipment, where they are tranched in accordance

with thaeir purpose and enter thrcugh input-ccwxmutaticn stand the

equipment of the isolaticn of chapnels or %“erminal sultichannel
equipment, and alsc the equigmert c¢f link tetwveen operators SS angd

ponitoring channels KK.

Since transit exchange ccntains a large quantity of the acst
liverse eguipment, distart frcm aeach cther up tc the ccnsideratle
distance, the general ccrtrcl cf ertire staticn is realized from main
panel GP. The equigfment installed cn it makes it rossible to groduce
the inclusion and different ccamutation in thke tich-frequency
equipment for any shaft ¥vCh, ard also different seasurements,
checking and commutaticn in the circuits c¢f television KTL and

telepheny XTP.

The block diagranms ¢f tle ccrresponding tersinal stations
include the half high-frequency equipment aré all elemerts cf ccntrel

and accessory esquirment.

The first of the given klock diagrass wcr acceptance for the
vork in the range S0C~10C0 MHz, where is mcect effective the use cf
é cpatial separation of sicnals, apd the ttird - at the mcre high
| frequencies whare it is scre expedisgnt tc ccatire fregquency

separation with the arcular diversity c€ received sigrals.
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It shculd be noted that the transmissicn of televisicno frcgrans

is possible along the liraes, aquipged by the stations, ccnstructed
according to tha first tlcck diagrae, cf ccerse, with the aprropriate

supplement with their necessary televisicn equigpment.

$5.3. Antennas of trcposgheric radio relay lines.

On *he trovocspheric radic relay lines are ccamcnly used the
cptical-+ype antennas with tke reflector in tte forw cf the part cf
the surface of parabeclcid cf revcluticn. As the irradiater cf
parabolic surface car te utilized the weakly directed hcrn antenna or
mirror system from the bcrn anteona and the supplementary mirror Fig.
S.3 and S.4. Single-reflector artepnas with tke hecrn feed are created
wi+h the use of a syrmetrical reflector (Fig, S.3a), rossitkly alsc
the creation c¢f single-reflectcr artenna with the asymmetric relative

to focal line reflector (Pige. 5.3b).

; The principle of the wecrk ¢f dish anterras is widely kncwn [5.6°
and consists in the fact that the erissicn ir the direction of the

| focal axis of paraktolcic¢ in viaew cf the gecsetric properties cf

parabolilic surface prcves tvc te phased; “terefcre electrcmagnetic

anergy is concentrated near taoe focal axis c¢f raraktclic surface. Tte
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deqree of concentration c¢f electrcsagnetic ererqgy, i.2., the width of
the antanna radiation gattarn, is determined ty linear swrerficial

Aimensions of *the aperture cf artenna relative tc wavelangth.
Page 154,

In the two-mirrer parahbclic aptennas, tesides fundamental
parabolic reflactor, is installed also supplenentary hyrpertolic cr
elliptical mirror. In this case is utilized tte kncwp geometric
property of the hyperktclcid {elligscid) cf rctaticn. With the
coincidance of one pcirt of the focus of hyrertclcid with the focus
of parabolic raflectcr ea1é amctter focal recirt with the scurce of
spherical ane - by irradiatcr, cccurs the transforraticn cf
spherical wave with the center at point C' (fig. S.4) into tte
spherical wave with the center at pcint € and this twc-eirror antenna
system, just as single-reflector, provides the ccncentration cf
elactrcmagnetic energy near the focal axis cf systes. Twc-mirrcr
antennas [S.7) have a rumber of advantages Ltefore the
singqle-reflector ones. Calculations shovw that with ijdentical
sucerficial dimensions cf aperture the factcr cf amglificaticn of the
tvo-mirror antenna scmewlat bigter than single-reflector cne.
Furtharmcre, the directivity pattern of two-sirrcr antenna is
charactarized hy the sutstantially smaller side-1lcbe level in the

spaca after th2 surface cf paratclic reflector, which increases the

interference shielding ¢t actenra.
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Pig. 5.3. The single-retflector fparabolic antemna: a) with symretrical
reflector, b) with the asymmetric reflectcr: 1 - raratolic retflectcr,

2 - horn feed, 3 - fccal axis of aptenna.

Fig. 5.4. Twvo-mirror parabolic amtenna: 1 - paratelic reflectcr, 2 -

horn feed, 3 - supplementary sirrcr (hyvertclcid).

Eage 157.

THe required factcr of aasplification and antenna matching in
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range of the frequencies ¢f the crder 10C0 MEz can te provided with
the use of any of the cdiegrass; tierefcre selecticn is cenducted frcam
the considerations of simgplicity of design. Ate mcst suitatle
single-reflector antennas. widest use receiveé sirgle-reflectcr
antennas with the symmetrical refiecter, the cesign cf the retlectirg
mirror of which is characterized ty greatest sipmyrlicity. However,
these antennas accordirg to electrical apd performance data are
somewhat inferior to single-reflector antenpas with the asyssetric
reflector. Thus, in the antennas sith the sysretrical reflectecr
certain part of tha electrcszagnetic energy, reflected from the
surface of parabolic reflecter, falls tc the surface cf the aterture
cf irradiator and in tte fcrwm cf the electrcragretic wave reflected
is propagated in the feed line c¢f irradiator. As a result of reacting
the mirrer to the irradiatcr deteriorates the agreement, which causes
the appearance cf noises. This ¢eficiency te¢ a ccnsiderable degree
can be compensated by tbe use of ferrite gates or by the intreducticn
cf aquivalen* components of tuning to the feed line c¢f irradiater,
which create an additicral vave xretlected, scval in the awmplitude and
cpposite co the thase tc the wave reflected, caused by the reaction

cf mirror.

Anothar daficiercy in the antenrna, which uses a sypmetrical
reflactor, is the fact ttat the amtenna feeder and design of the

attachmeant of irradiatcr is located in the field of the
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electromagnetic wave, reflected frcm *the paratclic reflector, and
therafore cartain part ¢f the snergy is scattered during these

desiqns, which leads tc¢ the decrease cf the artenna gain. A

surplementary deficiency in this diaqram is tte need for the
installaticn of irradiatcr at the considerakle teight atove ttke
grcund, which hampers c¢peraticn aré tunirg c¢f artennas. It is net
difficult to see that tte use cf ar asymretric rart c¢f the parabolic
reflector makes it pcssille ccnsideratly to cecrease and in a nustkter
of cases to conapletely reacve thte reacticn ¢f mirrecr. Thus, fcr
instance, in the antenné, depicted in Pig. S.3t, the reflected frce
parabolic reflecter electrcaagnetic wave passes ty irradiatcr, and
the reaction of mirrcr virtually is absert. Curing the use cf this
diagras has the capatility tc arcaupge irradietcr in imomediate

proximity on the earth's surface, which facilitates the creraticn c¢f

antenna. Besides the ncted abkcve special feattvres cf antenna with the

asymmetric reflector, essential fcr the fractice, especially during

the installation of anterna in tha snow and clare ice areas, is tte J
fact that the asymmetric reflectc¢r is installed inclined relative tc ‘
the earth's surface; wtich Ltlccks degcsition ¢n the surface of the

i raflector of snow and ice-ccvered surface. Cr the schematic ct
single-reflector antenra with tte symmetrical paratclic reflectcr is ;
carriad cut the antenna c¢f trogcepheric radic relay ccmasuniceating

' system "Whi*e Alisa", reelized ipn the USA., Cferating frequencies cf

this system - order 10(( MHz. Surface of anterna arerture is a square
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(18x18 m) with the blurt angles. Irradiatcr isc lccated on the tower

and is raised above the grcurd agpicximately ty 15 =,
Bage 153.

In the areas of the extreme ncrth fcr sorme c¢f the antennas is applied
the heating of the reflecting svrface by hct c¢il, since formation cn
the surface of the reflector cf the layer cf ice cr snovw

substantially makes the electrical parameters scrse cf antenna.

Fig. 5.5 shcws the ganeral vievw of the artenna with the
asymmetric paratclic retlectcr (svrface area cf apertcre - 2Cx20 m),
utilized cn the Soviet trcpospheric radic reley lines in the range cf
the frequencies of the crder 10(C eHRz. It ccnsists cf raratclic
reflector and horn pyrasidal irradiatcr shick grcvides the enissicn
cf the vwave of twec sutcally perprendicular pelarizaticns. The
geometric rarameters c¢f horn feed are selected frcm the conditicn cf
obtaining the greatest artecca gair. Fcr this, as is kncwn, the
dimensicns of horn esitteér ascst ke such that the width cf the
radiation pattern of irradiator or the level - 10 dF wcold be equal
approxizataely ¢c angular sugerficial dimensicr c¢f arteana arerture
-~ In practice it ie rct the pcgsible tc satisfy this condition
accurately, since the radiaticn patterns of pyrasidal horn are

diffarent in different rlanes. Therefcre is grcvided the apprexirate

I
1
1
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fulfillment of conditicns, in this case the width of the radiation

gattern cf irradiator iz plane § is ottained screwhat smaller, and

the width of radiaticn pattern in glane B - larger angular dimensicn

29,

»
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Pig. $.5. Antenna of six-ten-channel tropostheric ccamsunicating

system.

Fage 159,

It is alsc known that the assigned width of tke directivity patternr
can he ansured, utilizirc pyramidal hcrns cf different lengtt, The
relationship Letween tlte size cf the aperture ¢f horn, its length and
length of transmitting vave detérmines phkase distcrticns in the
aperture cf harn [5.6]. &ith an increase in tlte phase distcrtions is
required larger superficial dimsension of aperture fcr ottainirg the
required width radiaticc patterc. simultaneccsly with an increase in

the phase distorticns increases the side-lcte level cif radiaticn
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pattern and, therefore, grcw alectromagnetic energy losses in the
sincr lobes. Therefore it is expredient *c¢ apply hcrn feed with spall

phase distorticns. In gractice ¢ccd results are ckttained with the

value of phase distorticos gw/4. In this case the directivity
ratterns cf horn antennae virtually ccincide with the radiaticn
patterns of cophasal surface antenras with the arprcrriate gecmetric
dimensions and the asplitude distributicns ard energy losses in the

sincr lcbes of radiaticn fattern are ®minimux.

A geperal view c¢f hcrn antenna feeder is shcwn in Fig. S.6. Hcrn
faed is fulfilled ty airtight. Fcr this herr frcm the side cf
aperture it is capped frca tte fcam plastic. Tre eliainaticn cf the
effect of cover cn matching ¢f born emission is achieved Ly its
inclination relative tc the axis ¢f hcrn. Tte angle c¢f incliraticn is
selected Lty such, that tle ccver is installed perpendicularly to the
earth's surface and the fcrmaticn c¢f the layer c¢f srcw and ice is

eliminated.

The adjustment cf antenna system is realized by sovement of hcrn

X feed.




/
DOC = 80025109 EAGE { 353

. -

RS S S
g

- o . ‘k‘ - " :
ﬁ. t‘" -"'-.‘I.;-fs;‘c-' S '. T k\}_’;'&/‘$
Fig. 5.6. fhe general view cf hcrn feed.

Fage 160.

Por quaranteeing the trcposgberic radic ccsmunication ir the
ranga of several thousané megahertz are necessary arntennas with the
vary high amplificaticr factcr. In practice cr these lines are
ut i1ized antennas with the svrface of arertvre 1CC-200 m2, as a
result 2f which the antepna radiation patterr ccnsideratly beccmes
narrov. With an ircrease in the cperating frecuercy increases the
required accuracy cf tte fulfillsert of the surface of the reflecting
#irror and, consequently, alsc the reguired ricidity cf the setallic
frameworks of the reflecting sirrcr, their weight ard cecst. Therefore
at the amore high fregquencies it is prefarable tc utilize strvuvcturally
a simpler symmetrical paratclic reflectcr. Ir this case the artecna

teedar aust be rigidly ccnnected wath the sciface of epirrcr, since in
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this case AQuring th2 strain c¢f the surface cf reflectcr due t¢ the
wird and glare ice lcads the gcsiticn cf irradiatcr relative tc the
surface cf mirror will ctange irsicgnificantly and the distortion of
radiation pattern will te less thar in tte case ¢f the lccaticr ct
irradiator on the serarate suppcrt, as shcwr ir Fig. S.S. At these
trequencies becomes possiple angular separaticn; therefora antennas
pust te designed sc that they wculd work sisultanecusly acccréing tc
several radiaticn patterrs, tucrred relative t¢ each cther tc certain
angle, The prctlem of develcfing sseveral radiation patterns in one
airror parabolic antenna can Le sclved ty tte methcd cf arrarcement

near the point of the fccus cf several irradiatcrs Pig. S.7.

In this case during the sugply tc the irradiatcrs cf
€lectromagnetic enercy frcm the separate trarsgitters cr the
ccnpnections tc them cf receivers, antenna raéjaticn pattern fcr each
cf the transmitters (receivers) will prcve tc be turned relative :c
each other in the space to tte angle, determined ky gecmetric
rarameters the antennas and value the ancle c¢f rctaticn c¢f irradiatcr
relative to fccal lire. This diagram can be realized bcth in the

single-reflector cnes arné¢ in the mvltireflectcr parabclic antennas.
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Pide 5.7. Single-reflectcr (a) and two-mirrcr {(t) antennas of the

angular diverse recegticr.

Key: (1). the point cf fccus.

Fage 161,

The second possible methcd of the realizaticn cf anqular
separation in ore anterpa is the use c¢f an artenna system of several
emitters of smaller size andé correspondirg system of the distributicn
cf alectrcragnetic erergy tetween these emitters [S5.8]. Fcr cttainirg
assigned gain factcr cf this systes it is necessary that the tctal
csurface area cf the aperture cf all emitters wculd be approximately
equal to the surfaca2 area of antenna aperture cf larger size. The use
cf this system can give cartair eccnomic =ffect, since the ccst cf
several mirrors of the ssaller size lcwer thar ccst cf one large

pirror in +the different areas of afperture.
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Let us examine tased cn the example of tke artenna, whick
consists of two enmitters, the diagram cf feed (Pig. S£.8) cf which
ensures angqgular separaticn. As can te seen ftrca figure, anterca
feeders ar=z ccnnected up tne lateral arms of dual waveguide tee, in
this case %he lengths ¢f ccrrectirg lines 1 ard Z are distinguished
tc the valuye, aqual to guarter savelengtl! in the wavequide. Tte
connection of a2quipment is realized to arms E and H. Electrogagnetic
erergy freom arm P is divided intc the egqual garts between the lateral
ares of dcal wavequide tee, screcver elactrcsmegretic energy in the
lateral arms prcves to te in the artirhase., Electromagnetic enerqgy

frem arm H is divided equally Letween the lateral arms, phase shift

in this case is squal tc¢ zerc.

taking into acccurt tnat tte lengths ¢f ccnnecting lines are
distinquished to quarter wavelergtk in the wavequide, which gives the
supplementary phase shift, tke equal to rinety degrees Ay=050° ve
cbtain, that with the feed cf egitter systen frcm the side cf arm E
electromagnetic field ir irradietcr 1 advances in phase the
electrcragnetic field ir emittexr 2 bty 90°. With the feed frcs the
side of arm H the field in irradiator 1 lags cn the phase cn 90°
tehind the field ip irradiatcr Z. In this case it prcves to te that

with the feed frcm tte side ¢f are E the radiaticn fpattern is

deflectad to the side ct gapittar 1
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Fig. S.3. Schematic cf tire feed cf antenra system of twc emitters for

A Nt e e

the angular diverse recegtico.

Rey: {(1). lateral arms. (<) ara., {(3). dual vaveguide tee. (U}. phase

inverter.

tage 162.

The value of the angle cf rctation of radiaticn pattern deperds cn
the distance tetween tle czitters and, as skcw the results of
calculation, with the ttilized in practice sizes of artennas the
described diagram makes it possikle tc carry cut rotaticn to the
recessary angle. The deficiency in this syster is the increased
gide-lobe level cf radiaticn pattern. In view cf the kncwn prcgperty
cf dual vavequide tee the interccnpectior Lketveen ares F and H is
absent, if tee is matcted frcm the side ¢f lateral arwms. A similar
systea can be created, also, for a larger cuantity c¢f antennas. Fig.
€.9 shcws the power-sutply system cf the artenns, whtich ccnsists cf

four emit*ters and realizing fcur partial radiaticn patterns.




S s pidgl i Sediped

- s VR 0

!
i
i
!

goc = 30025109

Fig 5.9. Schematic of artecna feed cf fcor esitters fcr the angular

diverse reception.

§5.4. Feed lines of antennas.

Por the connecticn cf antenna feeder with the high-frequency
aquipment for message center are agplied coaxial and vavequide feed
lines. The use of lines cf grcurd save is isgcssitle, since they are

saubjected to the action cf atacspberic ccnditicrs.

Wile acceptance on the radic relay lines received the waveqguides
vhich frovide the transfer c¢f electromagnetic erergy sith the
smallest losses, pcssess high dielectric streragth, they are reliakle.
they are agplied, in particular, rectangqular vavequides excited on
fundamental typoe wvave H,q4, they pcssess the srallest cecmetric

disansions and the sw®rallest ccst.
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Pcr the propagaticn in rectangular wavequicde ctf wave H,, the

size o0f thae wide wall cf waveguide a must te equal tc:

)
\
IJI\

whera A - raximum wvavelength.

The size of the narrcw wall b is usually selected aqual to:

Q
I
l\')'k

Fage 1613,

Pig. 5.10 givas curvas, wnich make it pcssitle tc deterwmine the
attenuation in a rectargqular waveguide by tcres, Wavequide lines are
comprised frcam the separate segments with a lenaoth cf 4-5 a at ends
cf which flanged, whicl e€nsure the reliatle ccntact tetween tle
coakinable cuts; withir waveguice flarged ccnrection fcr airtightness
is installed rubber packing. The produced by industry waveguide tutes
are allowed radio relay lines. In the range cf the frequencies on the
crder of 1000 MHz, besices wavecuice feed lires, possibly alsc the
use of coaxial lines. At the more tigh frequeccies due tc an increase
in the attenuation the uysa cf ccaxial line is irexpedient. Tle
raximum sizes nf coaxial line are determined ty tha ccnditict cf the

absence in the line ¢f tte waves of highest types [5.6]
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)‘pa>*(ax+az).. (5.1)
vhare a, and a, - radii cf cthe internal and external conductcrs of

line.

In practice find use ftlexitle and rigic¢ ccaxial lines.
Structurally rigid ccaxial line is fulfilled c¢f twc ccprer or trass
tutes cne of which perfcrms the rcle of exterral conductcr, the

second - internal conductcr ¢f line.
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Pig. 5.10. Attenuvaticn ir the ccpper wavequide cf the rectanqular
L sacticon: £ - attenuaticp in the decihels, a ard t - in the

centimeters,
Page 164,

Available experimental apnd calculated data shcw that tte rigid
coaxial lines can te used in the receivirg ard transaittirg feed
lines, since during the agpprogriate selecticn of the sizes of cross
| secticn the enargy lcsses in the line by length S0-1C0 a dc rct
exceed 1-2 4B, but thrcughput can reach the value of 10 kW. Rigiad
coaxial lines raequire fcx the prcduction ccnsideratly less ccrrer

than vavequide; hcwever, difter frcs wavequide lines in terms cf the

e »
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large complexity c¢f desico and in terms ¢f larger magpitude cf lcsses

rower.

Is vossible alsc tte use ci cable lines, Thrcughgput in them at

frequency £~~1000 MH2 reaches 7.5 kW.

For exciting horn feed simultanecusly Lty the electrcmagretic
vaves of two independent ccssunication chanrels, cne c¢f which is
utilized fcr transmissicn ¢f signals cf comruricaticn, and otter -

for the reception of infcrmatior, serve polarizaticral selectcrs.

The pclarization selectcr consists cf the cut cf the wavegquide,
in which are created tte waves ¢f twc pclarizaticns, and the
equipment, which ensures the excitation cf ttese waves in the
wavequide, Polarizational sgpectra differ in fcrm cf the cross secticn
cf waveguide and in the methcd cf excitirg the waves in the
waveguide, The alectroragnetic waves of twc putually rerpendicular
rolarizations can ke excited in the cut c¢f the wavequide cf
rectanqular, square, rcond cr elliptical crcss secticn. The
excitation of electrcmagratic waves can te realized with the aid cf

the coaxial cr waveguicde feed lire.

In f;g 5.11 is shcwvo the diagram of the polarizaticnal sectcr

with a square cross secticn excited by ccaxial lines.
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Fig 5.11. Diagram of the pclarizaticnal celectcr, excited by ccaxial

lines.

Key: (1) . Vibrators. (z). Adjustaent screws. (3) To e€mitter.

Fage 165.

These a diagram it is expedient to utilize with the werk in the range
cf the decimeter waves wken electrcmagnetic erergy is supplied tec the
antenna by coaxial lines, Tte extarnal ccnductor cf coaxial line is
connectad with the waveguide, and internal ccrductor rpasses ir the
waveguide intc the vitratcr, In créer tc enscvre the transfar cf
electromagnetic energy ip tke wavecuide in thle directicr tc the horn
feed, in the polarizaticpal selectcr near the vitrator is irstalled
the shorting device, mace in tte fcrm cf grating frcm the wires, The

si*e cf installaticn of shcrting device zand lenctt cf vitratcr
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deternine the agreement ¢f pclarizaticnal salector with the ccaxial

line, The second part ¢f the polarizational selector is wmade

analogously. Difference ccnsists cf that, tter ccaxial line and
vitrator of the seccnd part cf the polarizaticnal selectcer are
ins*alla2d pervendicular tc ccaxial lire and vitrator of the first
rart of the selector. Furtherscre, in this case the short-circuiter
is carried out in the fcra ¢f metallic plate. In view cf the fact
that the vibrators of rclarizaticnal selectcr are mutuvally
rercandicular, and the sires c¢f pclarizatioral qrating are
perpendicular *to the vector of the strength cf the field of the wave,

excited by the second pacrt of ttke selectcr, tte elements of the

censtructicn of the first part c¢f the selectcr virtually dc rct
influence its agreement for wave E,;,. Agreemert for wave E, also is
nct connected with the sizes ci the seccrd part of the selectcr,
since for this wave the polarizaticn grid is shcrting device and
tlccks the propagaticn cf wave E, in the seccrd fart cf the selectcr.
Cue tc the perpendicularity ¢f the vibrators cf selector the
connecticn betwesn the ccaxial lines I and 1T ir the selectcr is very
small, The dimensicns ¢f transverse cross secticn of the wvwaveguide cf
selectcr are selected ly such tkat there are nc conditions of
axciting the waves of the highest types. Fcr the wavequide wicse
cross saction is clecse tc tke square, bty seccrd type wave is an
electrcmagnetic wave ot the tyge Hyy; therefcre this ccnditicn takes

following €fora [ 5.6]:
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wvhere ’pg - working wavelengttk,

Apm,~ critical wavelenctt cf tuncamental tyge,

Mpnu- critical wavelercth fcr wvave H,,.

The agreament of the cut of rectangular wavequide with the
coaxial lines I and II is realized ty selecticn of the length of
vitrators in the wavequide ard Ly selection cf distarce frcm the
vitrator to the short-circuiting grating or the plate. In viev of the
fact that the design cf tha scviag in the crcss secticn of waveguide
polarizational grating ¢z plate is very ccarlicated and does nct
frovide reliable centact with the waveguide, it is expedient tc
realize tuning polarizational seclecter with the moticnless plate or

the grating.

Fage 166,

The acticn, equivalert t¢ the mcvement of sherting device in the

small limits, exerts tte capacitive screw, lccated in the sarme plane,
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as vibrator. Therefore in practice tuning cclarizaticnal selectcr can
te realized bty selecticr cf the lergth cf vitratcr and sukbtmersion

derth of tuning screw.

In practice can be enccuntered the cases, when the polarizaticn
selectcer, which works ir tke deciseter range, it is necessary *o¢
connect directly with the wavegtide line. This can te necessary, feor
exaaple, during the usé c¢f transmitters cf this rcwer, which cannct
te transmitted alcng tte ccaxial line. It tkis case the receiving
Fart of the polarizaticnal selactcr is made bty the connection cf
waveguile with the ccaxial line, as it was descrited altcve; tte
equipment ¢f the transwsittirg part of the selecter c¢f such tyge is
clear from Pig, S.12. 1te dimensicrs cf the cicss section of a
vavegquide cf such type are detersined by the givern abcve condition is
realized in the waveguide cf the waves of tre tictast types. Tuning
cf the polarization selectcr frca the side ¢f ccaxial line is

realized in the manner ttat it is descrited atcve.

Tuning from the sice cf waveéguide line is ccnducted by tuning
screvws, kncbs and other tunming €lezents placed in rectangular
vaveguide, and alsc Lty the selection c¢f the pcsition cf sherting

device,

A leficiency in the systems descrited atcve cf the pclarized
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selectors is the narrowv tand of tke passed frequencies, which is
caused by small dimersicrs ¢f the cross secticn cf swavegquide. For at
increase in the passtapé shculd ke increased tte dimepsicns c¢f cross
csactionr and simultanecusly vsed such diagrams, which wculd exclude
the possibility cf existence in the ccmmcn saveguide cf the

cscillaticns of tyges £,, and E ;.
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Pig. S5.12. Diagram of tke pclarizational selectcr, excited by two

vavequide linaes,

Page 167,

Pig. S.13 shows the lines cf force of electrical and magnetic (dctted
line) fields in the vavecuide fc¢r the wave cf tte type H,, and E,,
and the strength of field E4, which excites this waveguide with the

connacticn of rectangular waveguide [5.6].

0f *he exciting field Eg at the symmetrical roints identical
with respect to the value and direction, and during the excitation of
polarizational selectcr saveguide and with the sufficient precise
fulfillment of the waveguide cf polarizaticnal selecter waves E,, and

Hy,; ba axcited will nct Le and the dimensiors ¢t the crcss secticn cé
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the waveguide of selectcr can te selectad large. The ccnditicr cf tthe
absence of the waves c¢f the higkest types ir this case will take
following form {S.6]:

‘,‘Kpﬂn>k:‘“°>/.’"‘?ﬁn \

2ab 59

A _—_—

wHe = Ve
whera /ps - working wavelength,
ﬂpau-kw:n; - critical wavelengths for fundasmental tyre waves H;4 and

Hzl.

The special feature of the gclarizaticnal selectcr, excited by
rectangular wavegquides, are ihe ccrsiderable dimensicns of ogening in
the ccmmcn wvwavequide, whicn influencaes *he agreement cf selectcr.
Pig. 5.14 shows tha structcure cf the currents cn the wall of the
vavequide cf selector, e€3cited by rectangular waveguide 2. Otening in
the ccmmcn wavaguide tc wnich is ccnnected rectargular wavegride 1,
it breaks currents ard tterefcre is exerted a scbstantial influence

cn the agreement of selectcr frcx the side cf wvaveguide 2.
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5.13, Structur2 of electrosagnetic £ield in the crcss secticn cf

jaevadunr,

FPig.

square waveéquide.
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The effact of opening car te recuced, if we ir it place certain
quantity cf stubs in tle macneér tkat this is shcwn in Fig. 5.14,
which remcve gap for tte lcngitudinal currerts. The effect of these
stubs on the agreeman* in waveguide 1 will te s#all, since stuls are
rervendicular to the vector cf electric intersity in this waveguide.
The bhest results can be cbtained, 1f we instead cf the stubs grlace

intc wavequide 1 cf plate, as sktcvwr in Fig, S.12, wtose lengtl is

equal to the half wavelengtt ir tie wavecuide., Such plates, virtvally

vithout influencing agre¢sent ip saveqguide 1, f£cru four-vwave extended

vaveguides vhese input resistance is clcse tc¢ zerc, This syster cf
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clates apparently, closes alsc tracsverse currerts.

The systems descrited abcve cf pclarizatioral selecteors with the
excitaticn of common waveguide ty coaxial lires are arplied in the
ranae of the frequencies cf the crder 100 MHz. At these frequencies
can be used also the selectcrs, excited ty rectangular waveguides. At
the mecre high £frequencies shculd te arplied tte diagrams, wkich are

tased on the excitatior c¢f selectcr by rectargular saveguides.

i m e e
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fiq 5.14. Currents on the walls ¢f the wavequide cf polarizational

salector, excited by rectancuvlar waveguide.
Key: (1). Rectanqular waveguide.
£§5.5. Pilters and ferrite valve devices.

During the quadrugfled recepticn and the use cf a fregquercy
separation is necessary the tse cf separaticn filters, which make it
Fossible to conduct the recepticn cf sigrals c¢f two different
frequencies on one antenpa. The filter, intended for the separaticr
cf the signals of twc frequencies, taken by cre artennra, can ke

carried out on the parallel diagras, given in Fig. S.15.

Fage 169.
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Separaticn filter consists ¢f splitter and tard-passs filter, tuned

to freguencies £, and f; !,

FCCTNOTE t, Is possitle the ccnstrtcticn of seraraticn filter with
the use c¢f band rejecticr filters, which reflect the signals cf
frequency, on which the tand rejecticn filter is inclined.

ENDPOCTNCTE.

The separation of signals ia the filter is realized as follows. The
signal of frequency £, ty bandpass filter 1 withcut the reflecticr,
and without the essential lcsses it arrives at the inrut cf receiver
P,. Per frequency f, ttis filter is shcrt circuvit and signal cf this
frequency it does not fall to tke input cf receiver. Analogously
cccurs the isolation cf the signal of frequercy t,. In view cf the
fact that band-pass filter z at frequency f, is short circuit, with
the Aistance from the lranch point to the ccnrection point cf
tand-pass filter, equal tc guarter vwavelengtt A,/4, we obtain, that
the arp of 1 filters is infipitely large resistance for frequency £,
and dces not influence tlhke agreement of separaticn filter at
frequency f,. Cortain cetericraticr in the aqreepent due to the
reflection of electrcmagretic epercy by trarching off is comgensated
ty the use of equivalert ccmpcnents of tuning. analcqgcusly is

grcvided thre agreement c¢f separaticn filter at frequency £,.
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The described diacram cap te realized fcr the separation at the
reception of two frequencies cf coammunicaticn. In practice, tcwever
can be ancountered the cases when for an increase in the capacity of
radio relay line is apgpiied trarsaissicn alcng the line of several
shafts a+ different freguencies., In this case aprears the need fcr
the nse of separaticr filter for separaticn cf fcur, six ¢r nmcre
rusber of frequencies ¢t cosmunicaticn. The use of the systen
described above of the parallel separaticn cf frequencies meets with
considerable difficulties due tc thke ccoplexity cf agreeing the
filter, Actually, with the ccnpnection to the filter Fig. 5.1¢ in
third band-pass filter fcr the frequency discrisinaticn f3 we cttain,
that at this frequency tlke distances M;/4 and N,/4 differ frcaz the
vave Ay/4 and therefcre the arms ¢f the first and second filters at
this frequency are scme geactance, which influence agreement.
f%rthermc:e, branching fcr tbe freguency discrisminaticn f, at
frequencies €, and £, will te certain reactance and have an effect c¢n
the agreement ¢f equiprert also at frequencies f, and f,. Turpning a

filter of this type for & large numbter of frequercies is very ccmgplex

rrotlem,

Fig. 5.15. 5Schematic ct parallel separaticn filter, intended for the

sacaraticn of the signals cf twc frequencies ¢f ccmmunicaticr.
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In this case should be agplied series circuit cf the frequency
separation of the signals Fig., S.1€6. A difference in this diagran
lies in the fact that ty filter section is isclated the signal of cne
frequency £,, the signals c¢f resaining frequercies rass withcut the
distortions; then is isclated signal f£,, etc. This diagram is Lased
on the use of dual waveguide ocnes it is tranchk cr three-decitel
directional couplers [%.9]. The principle of the work of segaraticn
filter is identical duriny the use of a dual waveguide tee and
three-dacibel directicral cougler. Below giver the descripticn of the
work of consecutive seraraticn filter with the use cf dual waveguide

cnes it is branch.

From Fig. 5.16a it is evident that the cell contains tvc dual
vaveguide tees (VT) and twc kand cr band rejecticn filters, tuned tc
frequency f,. To the ingut cf filter (Fig. S5.16Lk) into arm E cf the
dual waveguide tee YT, €ntar the signals of several frequencies f,,
f2, «2.. In the tee tne electrosagnetic wave is divided into the

equal by amplitude, Ltut cgpcsite on the phase waves betvween the
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lateral arms of tee. Waves, fpassing through the tand cr band
rejection filters, tuned to frequency f£;, are divided in the

frequency. Band rejecticn filters reflect the signals c¢f frequency £,

and pass entire remaining frequency spectrus, tand-passs filter rpass
the signal of freguercy f, and reflect thke sicnals cf other
frequencies of the comsuricatici. LCue to a difference in the
distances from tranch gcint tc the connecticn gpcints c¢f filters,
equal to quarter wavelengths, reflected ty filters the signals cf tte
lateral arms come the waveguide tee in the phase and pass therefecre
into arm H of tee 1. Tte signals, which passed band cr band rejection
filters, enter arm B cf tee 2. 1he descrited éiagram prcvides the

separation of a large ruster c¢f shafts c¢f cczmunicaticn.

The important element of separation filters, which work con the
rarallel and on the the consecutive circuits, are band and band
rejection filters. The siasplest type cf tand-pass filter is tranching
from the waveguide or ccagial lipne with the stort-circuiting pistcn

(Fig. S.17a).
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Fig. 5.16. Schematic of separatica filter, mace on series circuit.

Key: (1). side is arm.

Page 171,

With the equivalent distance frcam the branch gcint to the
short-circuiting pistor, equal tc quarter vavelengtb, the ingut
resistance of cell is very great and electrcmagnetic waves pass alcng
the fundamental line wittocut the reflaection. 2t cther frequencies
this branching off is the reactance, which reflects electromagnetic
wave. Por obtaining the rajuired fregquency selectivity are applied
several such elements ccrpected in series. s the element of
tand-pass filter can be useéd the cut of waveguide or coaxial line
vwith the inductive hetercgeneities on the leads (Fig. 5.17tk). During
the appropriate selecticr of the length c¢f the cut c¢f line acd
construction of heterogeneities the equivalent length of cut can Le

pade tc the equal half savelength A, in the wavecuide. This cut cf
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wvaveguide (coaxial) is eguivalent to parallel rescnant circuit, tuned
to frequency f,. Possilkly alsc series ccrnecticn of such several
€lements: in this case the best results can te ckttained ip the filter
eith the quarter-wave cczaunicaticos. Fig. S%.17c shcwe cne cf the
varsions of the construction of the cell of tanrd rejection filter
[5.9). This filter is eqguivalent tc consecutive rescnant circuit
vhose input resistance at the frequency cf rescnance is close to
zero. Filter reflects electrcsagnetic waves ir the frequency cf

rescnance and passes the waves ¢f cther frequencies.

Besidaes separation filters, cn the tropocspheric radio relay
lines are applied also tte filters cf harmonics [5.9]. Is pcssible

the use of two types ot the filters of harmcnics.

Pirst type filters are fulfilled thus, Electromagnetic erergy cf
fundamental frequency Lty accegtcr ciruit, and energy of harmcnics is
reflected to the transasitter. Filters of this tyre can consist of the
series of resonance elezxents (lccgs} by lengthk Ag/4, where Ay =~ a

vavelength of transmitter.




DOC = 80025110 EAGE 30/

Fig. 5.17. Band and Ltand rejection filters: 1 - short-circuiting

fiston.

BPage 172.

At frequencies of even harmcpics the length cf such lcops will
compose the whole numbker cf half-waves, and lccp resistance will ke
very little; therefore fcr these frequencies the feed line will prove
to be short-circuited. At the fuandamental frecuency irrut lccg
resistance is very great and the agreement cf feed line virtually
does not change., This filter is sisple device; however, it rcssesses
that deficiency which sufpresses the emissicn cf transmitter cnly cn
the even haracnics, the cdd barscnics and other spuricus radiaticnos

they pass through the tilter witbcut difficclty.
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From the deficiency indicated are free the apericdic filters,
which are high-pass filters, all reflecting sguricus radiaticrs,
which are found in the renge c¢f frequencies, situated it is higher
than the operating frecuencies ¢f the equirzert fcr tropospheric
radio relay lines. In Fig. S.18a and b they are shown geperal view to
the construction of internmal rod cf one ¢f tre versicns cf ttle

high-pass filters of tte tracssitter 100C MBz [5.S].

Overall deficiency for first type filters is the fact ttat
electromagnetic enerqgy ¢f tte spuricus radiaticns cf trapnsaitter it
is reflected by filter t¢ the transmitter it has an effect on the
mode of its operation. 1tis deficiency is absent in seccnd type
filters, which are fulfilled in such a way that energy c¢f harmonics
does nct fall to the ingput cf transmitter, tut it is atsorted by

filter itself.
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Pig. 5.18. The general view Of the apericdic filter of harmonics (a)

and internal rcd (b): 't -~ the irclined secticrs, 2 - rods.
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Filters of this type can utilize an effaect c¢f rescnance energy
absorption in the ferrite, glaced within the cut of feed line. Can te
designed the filters in which tke energy of parasites is reflected ty
resonance elements and is atscrted in the sgecial lcads. Fig. S5.19

gives the general vievw ¢f waveguide filter with the abscrpticnm of the

povwer of harmonics. Filter is tte cut of the waveguide cf the
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rectangular cross secticp, in wide wall cf which is gashed the series
¢f slcts., Bach slot is the open end of the waveguide cf the reduced

section, partially filled by attenuating material. The dimensions cf

slot and cross secticn cf supplementary waveguides are selected in
such a way that they wculd te less than the critical dimensicrs in
the limits of the service Land ¢f frequercies ard it is mcre than
critical for the harroric frequencies. Therefc¢re, the energy of
fundamental frequencies fasses cn the waveguide withcut difficulty,
vithout being shunted ictc the supplementary saveguides and wsithout

i experiencing noticeatle abscrpticn. Energy c¢f harmonics, being

rropagated alcng the vaveguide, is shunted intc the suprlemertary

vaveguides where it is atscrted ipn the lcad.

At present ferrite devices are applied very widely in the '

technology SVCh.
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Fig. 5.19. Waveguide filter with tke abscrpticn of the power cf the
barmonics: 1 - fundamental wavecuide, 2 - the atscrting load, 3 -

sugplementary waveguides.
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In the antenna-waveguide circuits TRL are utilized ferrite gates
(S.10]), which possess 1lcw lcsses fcr the electrcmagnetic wave, which
is propagated in the fcrward direction, and ty large losses fcr the
vave reflected. The use c¢f such gates makes it pcssible to ottain %he
high agreement of transmsitter with the artenna-waveguide circuit, *c
axclude interferences tetween teleghone channels with multichannel

telephony. The soluticr c¢f this grcblem is pcssitle ip the devices
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vhich use ferromagnetic rescnance, and alsc ir the devices with the
nonreciprocal phase shitts in tke sagretized ferrites. Fig. S.20
shows the schematic cf the ferrite gate, which uses ferroamagnetic
rescnance, Perrite gate is the cut cf wavequide !, rlaced intc ttre

transverse pmagnetostatic field, created ty permanent electrosagnet.

FOCINOTE !, Analogqous devices caa Le created sith the use cf coaxial

feed lines. ENDPOCTNCTE.

Within the waveguide are placed the ferrite and dielectric plates,
fastened together. By the method of the apprcgriate selecticr cf the
dimensions of the ferrite plate, electrical paraseters of ferrite and
dielectric and constant vaiue€e cf wagnetic field it is possible to
cbtain a consideralle increase in the attenuaticn fcr the wave,
rassing through the gate in certain directicn, with s2all attenuaticn
for the electromagnetic save cf cpposite directicn. The agreement of
gate fcr the transmitted electrcmagnetic wave withk its ccnnectico *c
the matched load is deterained ir essence by dimensicns and £cran of
dielectric plate, since tne dielectric permealkility c¢f contemporary
ferrite materials is small. Strict calculaticr cf ferrite gates car
te made only fer some idealized cases, ard therefcre in practice the
dimensions of gate and tte parazeters of dielectric plate and ferrite
are selected experimentaliy. It is known frce the practice thtat the

system describted above c¢f territe cate is realized in the certimeter
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frequency band where stcceeds in ottaining atteruaticn for direct

wave of the order of tenths decibel.

This mears that with the work

with the transmitter in power 3-4 «W in the ferrite plate is

scattered power on the c¢rder of 30C W, which is frovided because cf

the use of air or water cccling cf
attached the rlate. Besides direct
alsc scattered virtually all gower
in view c¢f the

reflectaed, Howvever,

feed lines high, povwer cf the wave

that wall cf waveguide to which is
losses in the ferrite plate is

of the electrcragnetic wave

fact that the agreement in the

reflected, as a ruyle, is

aprroximately by an order less than th. power cf direct lcsses and

therefore virtually it dces nct aftect tte thermal ccnditicn of

ferrite plate.

R T Aty ZINY 1 Ay i,
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Pig. 5.20. Schematic of tie territe gate: dielectric (1) and territe

(2) plates.

Fage 175.

The use of the described schesatic c¢f ferrite gate at
frequencies of order 1CCC MHz meets with great difficulties due tc a
considerakle increase im the direct lcsses during these frequencies,
and also complicated and bulky ccastruction. In this frequency band
cf the loss of ferrite gate are Q.€6-1 dB, whkick ccrresgcnds tc
10-20¢c/0 of power of tramsamitter, scattered ty ferrite plate. At tte
rover of transmitter 3-4 % the scattered bty ferrite plate pcwer is
equal to approximately 50C-800 W, which requires the use of a
complicated cocoling systea. In the decimeter range the best results
can be okttained during the use c¢f the ferrite circulator where the
ferrite creates nonrecigrccal pkase shifts. The diagram of cre¢
version of the ferrite circulatcr, intended fcr the wcrk with the

transmitter of troposphetic radic relay line in the range 10CC MHzZ,
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is given in Fig. S5.21a. Carculatcr [5.10) is the coaxial trarching

cff ', in which is placec tkte magnetized ferrite.

FOCTNOTE 1. Circulatcrs ¢f this type can be rzde alsc on the

wavequide rranching cff, ENDFCOTNCTE.

Circulator is formed with the aid cf three ccnnected at angle cf 12(°
cuts of coaxial lines. It thbe center of this ccopecticn is lccated
the ferrite cylinder, ®sagnetized along its axis by naqnefostatic
field Hg. In the atsence of ferrite cylinder the poser of
electromagnetic vwave, agplied tc arm I, 3is divided into equal parts
tetween arss II and II1., Ferrite excites in arms the II and 11I
electromagnetic waves F, and Ej. It this case¢ it frcves to be
possible to fit the paraseters cf ferrite cylinder so that the
intensity cf field B, wculd be e€qual in magnitude and on the fphase cf
the intensity of field E, of the wave, which existed in arm cf the II
in the absence ferrite cylinder; electroragnetic fields E'; and E; in

arm III prove to ke equal in magnitude and cppcsite crc the phase,
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Pig. 5.21. Diagram (a) and genaral view (b) cf the ferrite

circulator: 1 - ferrite.

Fage 176.

In this case electroragnetic energy from arz I ccmpletely passes intc
arm the II, and electrcaezgnetic energy cf the vwave reflected from arn
II passes into arm III and is alsorbed by the matched lcad. Figq.
€.21b gives the general view of the ferrite circulator, interded fecr
the work in the range c¢f frequercies £=1000 MHz. Cocling circulator
vater, direct losses are 0.2 dB, inverse losses - 20 dB. The greatest

thrcughput is 3-4 kW.

§5.6. Systems of repeated recepticn.

The simplest sSystes of the doubled recegticn is the system with

the optimum additicn, examined thecretically intc §2.4. The detailed

block diagram of the receiver, designed for the dcutled recertion




DOC = 80025110 EAGE 37/

with the space diversity cf received sigpnals, is given in Fig. 5.22.
The accepted by two antennas A; ané A, signals through tand-passs
filter PP, and PF, which prcvide the necessary selectivity alcng
second clannel and selectivity fcr the protection froa their cwn
transmitter, they enter the bigt-frequency asglifiers UvVCh, and UVCh,
and the mixers SM; and sf,, to wbich are supplied the oscillaticns
from the common heterodyce G. Tke vcltage cf intermediate freguency
is amplified by UPCh, and UPCh, and is demcdulated in frequency
demodulators DM; and D¥,. The ottained signals c¢f lcw frequency are
supplied to the stage cf additicn. The latter is two cathcde
followers with the tctal cathode lcad, which are contrclled ty the
special amplifiers of ncises in degending co the ncise level cf
receiver so that in that receiver, in which ttke ncise level is wmcre,
the amplification of cathode follower is less., Ncise voltages froan
the output of each demcdulatcr are isoclated ty ncise filters FSh, and
FSh, in the frequency regicn, situated are atcve the group sgectrurn
sultichanpnel communicaticn. This voltage is asplified by the
amplifiers of noise USh, and USh, and after detecticn [; and [, is
utilized fcr the approrriate ad justment of the stage of additien. Tc

the total load of cathcde fcllowers is ccnnected group amplifier GCU,

©dmas s m s ane
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Fig. 5.22. Block diagras of receiver for the dcubled recepticn with

the space diversity c¢f sigynals and the additicn in the lcw fregquency.

Page 177.

This diagram of ccntrcl works well in such a case, when the
total power of noises at cutputs cf bcth receivers resains ccrnstant,
and occurs only its redistribution. Since cathcde followers are
included by a deep direct-current feedbkack, tten in this case is
previded the constancy c¢f overall line attepuvaticn ¢f circuit withcut
depending on noise distributicn in the receivers. Since oan the
trocpospheric lines, tesides rapid incoherent signal fading, shich
enter froam twc antennas, there are slow fadings, virtually identical
for these two signals, tten the stages of additicr cap simultaneously
to the identical degree Lte triggered cr ke cut cff, and consequently,
considerably change cverall line attenuation ¢f diagram. Fecr
eliminating this deficiency the amgplifiers c¢f ncise are encompassed

bty the parallel system BED0 (Pig. £.23), ltecause of which the total




DCC = 80025110 EAGE 973

power output of the amplifiers c¢f noises resmains constant, ard the
levels of control voltages, the applicable tc the stages additions,
they are distributed ir accordance with the levels cver the inputs cf
the amplifiers of noise. Pig. S5.24 gives ancther version cf the
diagram of control, in shich is utilized one ccewon anmplifier of
roise, included by AFU [5.11]. T0 the receivers are secured tte
shifted in the frequency regicns ¢f noise which are isolated with the
aid of four band-passs filter, ipstalled at irput and output cf

amglifier.
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Fig. 5.23. Block diagrez ¢t additicn in the 1lcw frequency with the

use of parallel ARD.

Pig. S.24. Block diagras of addition in low frequency with use cf

compon amplifier of ncise.

Fage 178,

A deficiency in this diagram is the presence cf fcur filters
requirements for which very rigid, since inlet filters must
cospletely separate the wsorking spectrum nmultichannel comemunicaticn,
the consideraltly exceedirg t¢ise level in thke filter pass tand, and

cutput filters - reliatly divide pcise channels. However, in the

first diagram of contrcl is inherent another éeficiency. In it twc
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amplifiers of noise, wkich require balance and ccnstancy of the

raranmeters in the tire,

Pig. 5.25 gives the curves, which characteriza the work cf add
systea in the lcw frequercy witi the dcutbled recepticn. Curves show
the dependence of the pcwer ¢f ncise in teleplcne ctannel with single
and doubled trimmers. Line 1 shcws the thecretical dependence cf tte
pover cf noise with the single reception on the value cf sigral at
the input of receiver. (bange iz thke powvwer c¢f ncises and valie cf
signal is given in the relative units. Dctted curve 2 shows the
exferimental dependence cf ncises cn the value c¢f signal for cne
receiver, while dectted curve 3 - fcr another receiver. A sharg
increase of noises ccrresgonds to the decrease of signal of lcwer
than the threshold value for the sensing tracsducer of the
frequency-sodulated. Urtrcken curve 4 shcws tte thecretical
dependence of the povwer cf noises sith a decrease of signal c¢n cne of
the receivers and a corstant value of signal ¢n cther. Gain ¢t the
thermal ncises with the doubled reception ané the identical signals
is 3 dB (points a and ). Ihe maxisum value c¢f noise with decrease cf
! cne of the signals tc 2ero theoretically increases cn 6 dB (pcint E),
due to the absence of cne signal ¢n 3 dB and gresence of noise frecr
the second receiver alsc by 3 dE. The experisental ctrves for this
case, dericted as dotted lines 5 and 6, coincide sufficiently well

| with the theoretical crrves for the values cf signal cf mcre than

threshold level and go telow cn signal levels cf less than the

; threshcld level.
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Fig. 5.25. Dependence cf the gcwer cf ncises in the channel in add

system in the low frequercy cn the value cf sigpnal at the ingput.

Page 179,

This is exrlained by a sharp increase of noises during the Ltreakdcwun
of threshold relationshigs and bty a complete clcsing cf the

corrasponding stage cf additicn.

As noted into §2.4, it is mcst expedient tc prcduce the linear
addition of signals vith the repeated recepticn at the interwmediate
frequency. But to prcdtce this addition cf sigrals is possible only

in such a case, vhen tltese signals have identical phase. Since
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signals at the output cf IF aamplifiers with the dcutled recegticn
with the space diversity cf sigrals differ frcs each cther in the
rhase due to a difference in the circuits of high ard intermediate
frequencies and as a result of a ccntinucus change in phase cf bcth
signals with their passage througn the trorcsgphere, receiver must
have a system of the autcaatic tuming of the phase ¢f arrivirc at tk=
stage of addition signals. Fig. 5.26 gives the system block diagraa
of addition in intermediate fregueccy [S5.12 . The accepted by two
antennas signals of cne and the sase fregquency, tut cf different
chase through band-passs filter [F and ferrite gates PV enter the
sixers 9Yn, vwhere they are ccnverted into the cscillations of
interaediate frequency and are aaplified by It amrlifiers PUEChH

[jntermediate—treguency greasplifier’ and OUPCh. The additicn
of signals is conducted in the staye of additicm S\. The necessary
for the transformaticn c¢f kigh-frequency sigrals intc the sigrals cf
intermediate vcltage frequency cf betercdyne is created by tte methcd
of frequency nmultiplication ¢f coszon crystal cscillator KG to the

necessary value in the sultigpliers UN.

Since crystal oscillater fcr toth receivers common then the
ocscillations of intermediate frequency are alsays egqual ip tte
frequency, but they car differ ip the phase. The signals accegted
after UPCh through tbe limiters cf Ogras [{ip-0yrJ [Soviet

thermonuclear mirror machine ] are supplied tc the phase discriminatcr




e
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FD, in which is develorec¢ the error signal, wtich affects the rhase
modulators FM, ccocnnected cetween the crystal cscillatcr and tte

sultipliers.
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Fig. 5.26. Block diagras cf receiver for the écukled recepticn with

the addition in the intermeciate frequency.

Fage 180.

The changes in the phase, oktaired in the phase scdulatcrs, are
aultiplied into the apfprcpriate nusber of tises and are transferred
to the intermediate frequency. This device prcvides the high accuracy
cf the phasing of received signals withouot the use cf dc amplifiers
due toc the effect of the wsultiplication cf gtase divergences and
virtually it does not depend cn frequency statility cf commcr
hetercdyne. The effectiveness of the work of phase tuning is
characterized by the ccefficient ¢f control cr ty the cocefficient cf
tuning, equal to the ratic cf ar iritial phacse difference .. (with
the switched-off autcmatic tunicg) to a residual ghase difference 6¢,
(vith the connected tunirg) [5.13]. The ccefficient cf contrcl is

equal to
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wvhere S,; - mutual ccnductanca of the phase discriminator, S.. -
sutual conductance of phase wmodulator, n - the gsultiplicaticro factcr

cf frequency.

Por the compensaticn for an initial phase céifference in twc
receivers is utilized tte equalizer of rhase VP, included in cne or

the cther arm cf the stage ¢f addition.

Hetercdyne filter FG serves fcr the sugprressicn cf the
combipnation oscillaticrs, wkich appear ir the stages cf
rultiplication. After the stage c¢f addition the signals enter the
demodulator, which ccnsists ¢f the limiter ¢f Cgras and FM
discriminator ChD. Pros the cutput of descdulatcr the signals of lcw

cr group frequency are sctgplied to the group asprlifier GU.

.inear conditions of tne addition of the cutput signals cf each
of the receivers is prcvided by the use c¢f parallel autcmatic gain
contrcl ARD of bcth IF asplifiers. With farallel AR0 tcth amrplifiers
at any moment have the idemntical asplificaticn, determined Ly the
receiver on input of which larger signal, i.e., summarized signals,
it is located in the saze ratioc as input sigrals. Phase modulator cf

this systews consists of two tubes, interconpected (Fig. 5.:27a)
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{5.14]. The oscillations, which coae the grids cf these tubes fronm
crystal oscillatcr, are cut of phase relative tc the supplieé signal

on ta. This is reached Lty the fact that tetween the input stage of

modulator and the grids c¢f mcdulatcr tubes are ccnnected the
rhase-shifting circuits, wbich e€nsure the necessary change in the
rhase. Errcr voltage frca the pkase discriminatcr is fed tc tte grids
cf modulator tubes. If errcr voltage is equal tc zerc, then the
amplification of tubes identical and, as can te seen frcm vector
diagram Pig. 5.27t, vectcrs of the total vcltage U is lccatec in sciue
conditional zero positicr, ard the vectors cf stress components E,

and U, are shifted relatively it cn ta.

Eage 181.

If the polarity of errcr vcitage is such, that the amplification cf
the first tube increases, and Lty tte seccnd it decreases, then occurs
an increase in the phase ¢f total cscillaticn bty the angls +¢, as it
is clearly evident from the diagras where u', and G:z - stress
components, and u' - a tctal voltage. With a change in the pclarity

cf error voltage the phase cf tctal vcltage ctanges in the cther

direction. The cutput swcltage of acdulatcr u is the sum of tuc sine

:
E ! voltages u, and u,, equal in the frequency, bttt which differ in the
? thase on *+a from the phase ¢f tctal voltage. Fig. 5.28 depicts the

dependence ¢ cn the parameter k=u;s/u, at different angles a. From the 1
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graph it is evident that sutual ccpductance cf phase modulatcrt

increases with an increase in the initial amgles a, but in this case

decreases the amplitude cf total vector and increases its relative

change in the process cf tuningd. Cn the tasis cf these
considerations, the iritial phases of vectcrs it is expedient to
select order of +70°. In this case the relatively linear secticn of

modulation characteristic is cttained with k, that is changed within

the limits from 1 to 2, which ccrresgends tc the rotation cf total

vector at an angle of ct #=#+430,
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Pig. 5.27. Diagram and vectcr diagram of rhase scdulator.
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Pig. 5.28. Dependence cf angle ¢ cn parameter k at different angles

Page 182.

’ In the selected diagras cf the tuning of phase the ccntrcl cf the
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amplitude of stress components 1s realized simultanecusly sc that

u,=ku, u,x1/Ku and u,/v,=k2,

In this modulator circuit the voltage is develcped on the tctal
locad of tutes in anode circuits R, therefore u =S.R,. us= SR,

u;/u,=k2=5,/5,.

Por ottaining the phkase shift cn #+439 is necessary a change cf
the slope of each tute 1.4 tiames. Since even at the values of the
circuit parameters indicated in it occurs essential rarasitic
anglitude modulation, tben after phase mcdulatcr it is expedient tc
introduce amplitude limiter. The characteristic cf rhase mcdulator is
given in Pig. 5.29. As tike phase discriminatcr is utilized balance
thase discriminator. Witk a change in the phase cf the stcreé ug
vitrations relative to eech cther tc cne cr cther side on the loads
cf detector will Lte develcped errcr vcltage fcr different polarity

and different value.

The characteristic c¢f thae gphase discrisinatcer has rany zerc,
distant behind each cther tc », apnd pericd cf change, equal Z». As a
result of the peculiarity cf the ghase discrisinator indicated, the

dynamic system characteristics with the thase tuning has ccmplicated

form and behavior of ertire systes it car be different in degending

cn initial conditions apd further change in tkte phase shifts. Dynaaic
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characteristic represents the degendence of tke residual detuning cf

phase §#, on initial 3¢; Fig. 5.30 depicts tte pcssible dynaric

system characteristics.
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Fig. 5.29. Characteristic of phase modulator.

Fig. 5.30. Dynamic characteristics of systea ¢f autcmatic tuning cf

phase.

Page 1813.

Thus far a change in tte phase shift is located in the band cf the
retantion of system (segsent of the curve a-t), i.e., thus far
residual detuning does nct exceed value s/2, system is held atout
conditional zero. As sccr as residual detuning it will exceed value
v/2, systea "jumps® to apother conditional zero, with further
increase in the phase shift agaip will occur the jump. With an

inverse change in the phase sbhift first will cccur the retention cf

system about the conditicnal zerc, equal tc 4, and then follows
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inverse jump. Upon the initial connection the systew can Le retained
about the nearest of zerc relative detunings ¢f the phases of the

arriving signals - point c. So that the jumps wculd not cause

disturbance in the wcrk ¢£f entire receiver, it must te designed sc

that the possible relative changes in the phase ¢f tvwo signals with

their passage through the troposghere would nct exceed the region of ;
the retention of systewm. Fig. 5.31 gives the expericental curve,
which shows a change ir the fphase difference tetween the arriving
signals, vhich enter frcs twc aptepnas. In the curve are plotted
changes in output potential of the phase discriminatcr frcm the tipme.
In the time interval cf 0-1 sin the system cf the autcmatic tuning cf

rhase is switched off, in this case in thkte curve reccrded change in

the phase from -w»/2 to +vs2, which is determired Lty the prcperty cf
the phase discriminator to react to a phase difference, multigple 2w,
in an identical way. In th3a connected system are noted insignificant
changes in the phase differenmce. On dctted curve is plotted tte
actual value of a phase difference between twc signals, defined as

troduct of droop and the coefficient of contrcl.
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Pig. 5.37. Change of the phase difference in the system with the

autoaatic tuning of phase.
Key: (V). min.

Page 184.

Pig. 5.32 gives the exrerimental curves, which characterize the
derendence of thermal ncise in telephone chanrel c¢f receiver with the
I addition in the intermediate frequency c¢r the identical

high-frequency signal levels at inputs of bcth receivers on a phase

difference between these signals with connected and svwitched-cff ArF.
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As the zero noise level is accepted the level, which ccrrespcnds to
equality phases. Fromr the examipnation of these curves it is evident
that the disagreement cf phases co 30-40° causes an increase in the
noise on 1 dB. With connected AEk virtually cf an increase in the

noisa it is not ckserved.

For the addition in the intersediate fregquency scmetimes in the
systens of the doubled recegticr is utilized the device of additicn
with the frequency centrcl c¢f the stored vitrations with an accuracy
to phase [5.15). In such devices is applied the seccnd frequency
convaersion and addition is realized at the seccnd intermediate
frequency. The blcck diagraa of the part of the receiver with this
addition is given in Pig. 5.33. The oscillaticns of the stored
signals from two amplifiers of the second irtermediate fregquerncy
enter the phase discrisiratcr., Io c¢ne of the circuits of
transformation is utilized tte asixer with the quartz hetercdyne, in
the second circuit - msixer and generator with the reactance tnte.
Brror voltage, develcped at the output of the phase discriaminato:z, is
supplied to the reactance tukte amd oscillatcr frequency is adjusted
slightly so, in order tc frequency at outputs cf both amplifiers
coincide with an accuracy to phase. This systes is suitable fcr the

composition of vibraticos, mcdulated by the signals multichannel H

telaphony or by the signals of the televisicn image, Ltut it has twc

essential deficiencies. This systesm during the repeated addition
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first requires the pairwvise additicn of signals, and then addition
the vapor betwvween themselves, The systes of the autcmatic fregquency

control with an accuracy to phase has very narrowv band of tragpiag

and, besides in additicn to this, the hetercdynes of receivers and

the generators of transsitters sust have very high stability.

!
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Pig. 5.32. Dependence cf thermal nc¢ises ¢n a thase difference between

the received signals.

Key: (1). dB. (2). withcut. (3). w th.

Pig. 5.33, System blcck diagraa of addition with freguency ccrotrcl

with an accuracy to fphase.

Page 185.

Quartzes of the combined receiving-transaitting devices must tLe

adapted to each other.

i Por the creation cf the devices of the quadrupled recepticn are

utilized the combined systems of addition. Pcr adding the signals,
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spread in the space, is applied the addition cf signals in tke
intermediate frequency ip pairs for each frequency and the suksequent
addition - combining in fours the fairs between themselves in the low
frequancy. For the repeated addition of signals at the intermediate
frequency is proposed tie new system of the aédition cf Fig. S.34,
which has a vhole series cf the essential advantages in comparison
vith those earlier existed, tasis of which lies in the fact tlrat ttre
systen does not require sgecial devices fcr the frequency ccntrol aad
thase of stored vibraticrs [S5.1€]. The frequency-sodulated signals of
intermediate fregquency frcm tne cutput of fcur IF amplifiers enter
the synchronizing units S0,~SU,. Each of these¢ devices consists cf
fundamental 0S and auxiliacry VS c¢f mixers. Auxiliary mizxer serves for
forming the heterodyne fregjuency fcr the fundamental aixer. Tc Ltctr
sixers are supplied the cscillaticns of intersediate fregquency, while
to the auxiliary are supplied even oscillaticns from the reference
oscillator 0G. During ipteractican of the oscillaticns cof intermediate
frequency and oscillaticns ¢f reference c¢scillatcr at the outruts cf

auxiliary mixers are fcraed the oscillations with the frequercisass:

fBC.=fOr+fnp.'

..........

fac.=for+fnp4 .

In the fundamental aixer interaction of the cscillaticns of the
obtained frequencies and sicnals iptermediate cf frequency leads to
the formation of the seccnd intermediate frequency:

fznp. = fsc."’fnp, =f0r—;-f.1p, _f:rp, = fors

.....................

f?np‘ =f3C.—fnp. =for+fap. ‘fnp. = fOI"
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Fig. 5.34., system blcck diayram of addition with the synchronizing

Laits.

Page 186,

Prom these expressicns it is evident that the signal frequencies
at the outputs of the fupdamental aixers of each synchrenizirg uni*
are equal to the frequercy cf reference cscillatcr. This equality
frequencies is maintained with apn accuracy to phase and all signals
cans be simply stored on the tctal load. Fassirg tkrcugh this
synchronizing unit, the frequency-sodulated signal is ceonverted intoc
the signal, modulated c¢n the phase. This occurs as a result cf the
fact that in the fundawental mixer of synchrcnizirg unit interact twc
frequency-modulated cscillaticps, which have the identical deviaticr

cf frequency - \/.. tut dephased cf the sodulating signal Lty A#=2aFr,

T oY 14D S o { i g By i o= n =
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vhere F - the modulating fregquency.

This displacement is caused Lty the fact that the signal due to

Y

RS

’ all delays in the synchkrcnizing unit delays tc the pericd r relative

to fundamental signal. At tie output of the fundamental mixer of =uch

synchronizing unit

B

Fiy=Afosin?=Ft—Afsin2= F(t—1)=

Ay f oI EFT ' . PP
=2Afsin=o—sia2= Flt—1 =23 fsin2 =F{t—r1),

i.e. the deviation of fregquency at the cutgput

2af<
5

Af=2)f.sin

P
i
'
;
"
¢
i

With satisfacticn ¢t coadition 2aF e L - where
saximum modulating frequency, deviation at the ocutput

AVEREREN >

NI e acvs g

is proportional to the ascdulating frequency, and the index cof
i sodulaticn at the ocutput

i : :
N m:%:zf.kf.f,

i is constant for any modulating fiequency, i.e., signal has at the

: cutput frequency, but phase modulation. Since yi:< i the index cf
i . .

: sodulation in this phase modulated signal of small and signal can %e

sodulated in the phase discrisinatcr during the small distcrtions.

v

Since the disagreement cf signals in view small r is considerably

less than 2», then all signals can be folded cn cne lcad in the stage

of addition J) and atter lisitatico are descdulated in the phase

discriminator PD. As the refererce voltage fcr the thase
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discriminator is utilized the sase voltage frcm the reference
oscillator, shifted cn 5C¢°2 in the phase inverter FV. Linear

conditions of additicn in this systea is prcvided by the ccasca

i rarallel gain control ct all IF asglifiers.

The described synchronizing upit somsewhat imprcves the tkreshcld
groperties of receiver due to tke transfcrmatice cf the frequency
modulated signal into the sigmal, modulated on the rhase, and its
detection in the single detector, and also due tc puaping of the

oscillation, synchronous with the carrier of sigpal [5.17].

Fage 187,

§5.7. Transaitters with the powerful amplifier klystron.

Widest use in the troposgheric systeas received transaitters
with the frequency mcdulaticn of generatcrs at the intermediate
frequency, the sultsequent transfcraaticn of the oscillaticns cf
internediate frequency ioto the high-frequency cscillations and the
amplification of these cscillations to tte necessary pcwer.
Fundamental vacuum—-tuhe instrusents for amplifying the high-frequency
! oscillations are multicavity span xlystrcens, travelling-wave tutes :

and powerful triodes. Pig. 5.35 gives the blcck diagram of the

transmitter, used in the tropospheric systeas with the space
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diversity of received signals with the dcubled recegtion. The
modulating voltage frox equigsent for pultirlexing or ccemutation
equipment comes the generatcr c¢f the frequency-amcdulated oscillaticns
- modulator M, vhich wcrks at intermediate frequeancy. In the
equipment for tropospheric systess just as in the equipment fcr radic
relay lines, usually is utilized intermediate frequency - 70 M¥Hz. The
cbtained oscillations are amplified in UECh and are supplied tc the
high~-fraquency mixer 88, Tc the sase mixer are sufpplied the
bigh-frequency oscillaticns., For cktaining high freguency stability
cf transmitter in the fregquency-modulated generators atre applied
special measures for the stabilization of medius frequency, and the
high~frequency oscillaticns, necessary fcr the transfermatiorn, are
obtained with the aid cf frequeccy multiplicaticn of the oscillations
of crystal cscillator X6 in frequency multiplier OM. Io the diagras
is utilized the pixing at the high level, hcvever, since for the
oscillation of powerful amplifier klystren is required comparatively
large pover, then the cLtained after mixer hich-frequency
cscillations first are asplified in UVCh, and then through the filter
of lateral band P which isclates lcwer cr ugrer side tand, and
attenuator AT, which uses for the decoupling tetween the
bigh-frequency amplifiey and with input circuit of power klystrcn,
oscillation they are stpplied to the powerful klystrcn amplifier MU.
From the output of the klystrcn amglifier thrcugh the filter cf
haraonics PG, which shields other radio aids frca the interferences

from the side of this transmitter, high-frequency energy cn the

waveguile enters antenna A.
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Pig. 5.35. Block diagras of transmitter for the systeam of the doutbled

reception with the srtace sefparaticua.
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Page 188.

Por the tropospheric systeams with the frequency diversity of
received signals with the doutled reception cr fcr the frequency and
space diversity of signals with the quadrurled recegticn is agplied
the transmitter, actually, wshich ccnsists of tvwc identical
transaitters, which work at the different frecuencies, ktut wkich have
conmon modulator. The tlcck diagras of this transmitter for the
system of the quadrupled recegticn is given in Pig. £.36. For
increasing the reliatility of transmitter in it are rrovided fcr tuc
nodulators M, workers end stand-Lky, ard tc thes switching systea PU.
Each transmitter vworks cp i1ts actenna. Fcr ap improveasent in the
agreemrent between the filter of lateral tand FE apd input circuit cé£
pover klystron is connected ferrite gate PV. Fcr decreasing the
transient noises, which agpear im the long wavecuides as a result cf
the insufficient agreerent of the cutput cf pcver klystton ard
presence of the waves reflected frcm the hetercgeneities of waveguide
itself and from the antemna, at the output cf klystron is installed

poverful ferrite gate PEV or circulator.
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Por work in amultitarrelled trcpospheric lines are applied the
transaitters, constructeé according to the descrited blcck diagrams.

Por increasing the reliakility cf system can te provided the aultigle

operation of two modulatcrs witkcut switchirg system. Sometimes in '
similar type doubled transmitters are applied nct two crystal
cscillators, but one ccamon in cne half device is utilized after
sixer upper sideband, Lut the seccndly - lcver lateral. In this case
the operating frequencies of tvc halves transsitter differ tc the
dual value of intermediate frequency. Crystal c¢scillatcr has stand-ty
assembly and switching systea. Ecth halves transmitter through
separation filter werk cn cpe artenna feeder - with the angular
separation of received signals cr to the separate antenna with the
space diversity of signals. The transmitter cf ancther shaft works on
the second irradiator or on the second anterra, as it was shcun

earlier.
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Pig. 5.36. Block diagras ot transaitter for tre system of the

quadrupled reception withk the space and frequency seraraticnas
Page 189,

Por increasing the rsliability of entire system each halt
transaitter is supplied frcm twe inpdependent electri. systems or fronm

two self-contained diesel pcwer giants.

Multicavity span asplifier klystron consists of following basic
Farts: cathode leg, rescnator assesbtly, collectcr and separate
focusing system [S5.18]. In the cathode leg are placed the cathode and
heater to it. Resonatcr node consists of several cylindrical ccaxial
ducts or rectanqular rescnatcrs. The center ccnductcr cf coaxial
integral cavities or sgecial capacitive cylinders in the vacuua
construction of klystrcn with tte cuter ducts serve as span tute for
the escaping from the cathode electronms. Each duct gapped in the
center conductor, throcgk which cccurs irteracticn cf the

high~-frequency fields cf rescpatcrs with the electrcn beam. Beam is
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shaped with the aid cf the amagynetic field, created by the focusiag
systen, and the electric field, which exists tetween the cathcde and
the collector. Rescnatcr node bhas special charnels fcr the cccling Lty
its wvater., Collectcr serves for the creatiom in the klystren cf
electric f£ield and for the ccllection of the electrcns, which passed
rescnator systems. Ccllectcr is the copper ccre, tlaced on by span

tute, cone is alsc cccled by water.

Klystrons have the great asplification when all ducts are
inclined for one frequency; for obtaining the wide passband is
conducted mutual staggeriang cr introduction tc them of supplementary
attenvation, which, c¢f ccurse, decreases the cutput high-frequency
rovwer. Pig. 5.37 gives thbe photograph of powerful amplifier, in which
is well visible the klystrco c¢f the KU-308 in the fccusing magnetic
systesm. Klystron works with the forced vater cocling of collector and
resonators. Por the coclinyg it is required Lty 2C 1 cf wvater fer
minute at a pressure ir 1.2 ata. Pcr the focusing is utilized one
focusing coil with the tke upifcra entire wirding along the length

resonator noda.
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Fig. 5.37. Powerful klystrcn amplifier.
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Accelerating voltage on the ccllector - 9 kV, amplificaticn factors -
40 dB. A four-resonator klystrom of the type cf the KU-301 in cutput
high~frequency power 1C X% is cocnsiderably scre acccrding to the
disensions. Klystron has the magmetic focusing, vhich ccnsists of
five coils, estatlished evenly alcng the rescmatcr ncde of klystron.
Pig. 5.38 gives the diagram cf pcwerful amplifier stage on the

| klystron. For the incarcescence is utilized alternating currert. In
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the device the feeds of klystrcn are provided ccntinucusly variable
control of filament voltage and, if it is necessary, the
stabilization of incandescence, and also the inclusicn of getter irn
the klystrons of large pcwer. The device of feed is insulated from
the ground. Voltage and curcent cf heater are mcnitcred by measuring
seters. The focusing systea c¢f klystron, whick ccnsists c¢f cne cr
several coils, is sugplied fxrcm the special levice cf feed. For the
inspection %f t?e power cutput cf transaitter in the output coaxial
1

€r «trc¢-de N is provided for the power-level irdicatcr, which ccnsists

of the calibrated directicmal coupler /¥ -4 the meter of spmall

power 7, vith the ttermistcr cr detector cag.
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Pig. 5.38. Diagram of stage on the powverful aerlifier klystrcr.

Key: (1). Device of the feed of focusing coils. (2). High-voltage

raectifier. (3). Devices cf feed of incandescence.

§5.8. Low-ncise high-fregquency asplifiers.

For sensitization cf receiver devices c¢f trcrospheric radio
relay lines are applied the parametric asplifiers, vhich possess a
small inherent ncise level., The theory parasetric amplifiers
detailed, there are methcds of their calculaticn [5.19-5.21]. Will
here eaxamined only the twc types cf the aaplifiers, which fcurd

practical use.
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The fundamental elesent of pacametric asplifier is the
rarametric dicde, which f[cssesses the prcperty cf ncnlinear
capacitance and which changes its reactance dve to the external
enerqgy sources. Since purely reactive elements dc nct possess
inherent ncise, then tarametric amglifiers car prcvide very lcw
inpherent noise levels. Fcr the accumulaticn cf energy is utilized
capacitance of p-n jumction, a chasge in capacitance value is
realized due to the supply frcam pusp oscillatcr of the alterrating
voltage wvhose frequency tigber tbar frequency ¢f the amplified

signal.

In the equipment fcr tropospheric radic relay lires are used two
types of the parametric asplifiers: twe~circuit asmplifier-ccnvertcr
and two-circuit regenerative amplifier with circulator. The schematic
cf two-circuit parametric amplifier represents twc parallel
oscillatory circuits, cne cf which is tuned tc a frequency ct signal
ﬂ:and by the second - fcr aitferemce fregquency /ua—'c Parametric
diode seemingly is ccupling elesent between these tvc resonant
circuits. To the diode tc thcse or with ancther sethcd are supplied
the oscillations froms puszring generatcr. In thke parametric
asmglifier-convertor is utilized the energy cf difference frecuency,
vhich can be much more than the emergy, giver up by the source cf

signal. In the parametric recenerative asglifier with the circulatcr

output enerqgy is remcved oot at the difference frequency, but at the
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signal frequency. The tlcck diagraa of amplifier-convertor is given

in Fig. 5.3%a. Energy frca the scurce of signal P.,, is supplied tc

the signal duct SK, an¢ taen thrcugh the filter PS tc the parametric
dicde, to which througt the filter PN are supplied the oscillations
fros the generator GN. 1Tte ringing of the intersive eneray it is
realized from the duct BK, ibncliped to the difference frequency arnd
connpected to parametric dicde through the filter FR. In filters FS,

FN and PR the resistances are equal to zero respectively fcr the

signal frequency, purgricgs and ditference frecuencies, and fcr other

frequencies are equal tc infinicy.

Parametric amplifier can be characterized Lty three fundasental
indices: by factor of asglificaticc M, passbard Af and by factor cf

noise n.
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Pige 5.?9. Blcck diagras of parasetric asplifier-convertor (a) and

regenerative amplifier with the circulatcr (L).
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Power gain for the fparasmetric amplifier-ccnvertor with a

sufficient degree of accuracy can te expressed Ly fcraula {S.21]
___Ppsnx__fp P g-g.

vhere ;. - difference freguency,
;- - signal fregquency,
4 - the conductivity of tte source c¢f signal,

Io}

3: - the conductivity of signal duct

i~ load admittance,

T .
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Y% - the conductivity cf differential duct

=¥

3~ the coefficient of regeneration.

The coefficient of regeneration is deterained by the expressicn
R Ac

52 11&:19

3o 4c

). = divergence cf the capacitance cf rarametric dicde fron

where

gean value.

Tha bandwidth, determined at the level C.7:
AT —_— .
Af=jEfV/ﬂJ%—m

where C, - mean value c¢f the capacitance of fparaasetric diode.

Pactor of the noise of tme aaplifier of the converter
Ie f’l __.., /:c \',.

fep =

Sr A § f—p }

If losses in the ducts are small, then ttese exgressions can te

einplified:

The block diagram c¢f tso-cigcuit parametric regenerative

aatlifier with the circulater is qgiven in Pig. %.39t. To the input «cf

territe circulator Ts is sugpplied the energy ¢f signal ~.ax. which

through the appropriate actm of circulator falls tc the signal duct
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SKk. The intensive energy at the signal frequency thrcugh the second
arm of circulator is supplied into the 1lcad. Ecwer gain fcr this

asplifier will be

¢ ¢ =3
vhere ! - efficiency cf circulatcer from the scurce of signal to the
asplifier, ™2 - efficiercy c¢f circulator frca: the anmplifier c¢f lcad.
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With small its own losses in signal duct
18

M“z(x—s) T

and with the values £, the clcse¢ cnes to the upnit,

4ry7a
M= —2>—,
-
The factor of the r¢ise c¢f asplifier with the circulator will te

I .
n‘=———(1 + Lo g).
L3 fp /

Parametric asplifier-convertors are apglied in the range
€00-2000 MHz, while rfaraasstric amglifiers witt the circulator - in
the range 500-5000 MHz. 1his is explained by properties of the
existirg parametric dicdes and ty working ccnéiticns for their irc

di fferent diagramss. Frcas the cosgarison ¢f the given akcve

exfressions it is evident that wsith the equal losses in the ducts

amplifier-converter has the amplificatior QL cnce aore than an

i
it

amplifier with the circulator, and consequently, it is more is statle
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in the work, since the same amplificatior can be cbtained at the
smaller value of the cocefficient of regeperaticn. frcm the theory arnd
experimental investigaticns it is kpcvn that the stable wcrk cf
amplifiers is prcvided sith the ccefficients c¢f regemeraticn (.6-0.8.
Amplification are 10-2C dB, passband - from several megahertz to

/11'2_ ’
several ten megahertz, ccefficient of noise - Rz

Por pump oscillatcrs are utilized reflex klystrons and
magnaetrons. Por the effective wcrk of parametric dicde toc it it is
necessary to feed frcm tke genaeratcr c¢f puspirg the gpower of 10-1CC
mV, but, taking into acccunt that in the real ccnstructions puag
cscillator frequently vwcrks ir the conditicrs c¢f gocr agreewmert and
can be utilized siazultanecusly fcr several asplifiers, the is
desirable application ct puaf oscillators cf larger power (1(C-100C
mW) €for guaranteeing gccé decouplings between different nodes cf
parametric amplifiers ir the overall structure cf receiver. In the
amplifier-convertor the c¢scillations of difference frequency can Lte
converted into the oscillaticas of intersediate frequency in usual
eixer, to which are supglied sisultanecusly thke cscillations from the

high~frequency heterodyne.
Page 194.

Upon the appearance of amplifiers with the noise factor;
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differing little fros the unit, was intrcduced a sosewhat different
value for measuring the sensitivity - sus tesfperature T, ccnnected
vwith the noise factor with tcllcwing expressico [S5.21)1:

T=T,(n—1).
where T, -~ absolute tesperature (~300°K). In the amplifier-ccnvertcr,
cperating in the range 5(C(-4C00 MHz, for the puaping usually are
utilized the generators with the frequency cn the order of 1((CO0 NHz.
#ixers at such frequencies bave a factor cf pcise cn the crder of
10-12 units, i.e., ncise teaperature ¢n the crder of 3000°K, and this
seans that this mixer tc its own temperature cf parametric asplifier

will add certain value. The bncise temperature cf receiver is equal to

-~ - Fewm
] _ M

ap = {4 oy .
‘”r.y

Por decreasing the suna ten;eratufe are agpplied two-stage
rarametric amplifiers., If in this diagras the first amplifier has the
same noise teamperature ard the same amplificaticn, then the ccomon
temperature of receivirg device will be substantially less and

virtually is determined Lty tte ncise teageratvre cf the first stage.

For the same reascns at the mcre high frequencies is exgedient
the use of two-stage fparasetric asmplifiers, since one stage cf
regenerative amplifier, wshich wcrks directly tc the sixer, has
sufficiently large ncise teagerature. In the tuc-stage amplifier it
is possible to obtain at these fregquencies the ncise temperature ~n

the order of 300°K witl the ltancwidth in several ten megahertz. As
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pump oscillater for both stages it is possitle to utilize one cosmacn
generator on the klystrcn, which gives oscillaticns at frequency on

the order of 20000 MHz.

§5.9. IP amplifiers, mcdulatocs aod demodulatcrs.

In the equipment fcr troposgheric radic relay lines, as in the
equipment for lines cf sight, are applied three types cf IF
amplifiers in accordance with their purpcse: 1) the preamplifier with
2 small inherent noise level, ircluded after parametric amplifier and
mixer of receiver and the ensuring smallest factor ¢f the noise and
the preliminary amplificaticn; &) the fundasertal asplifier, included
after the preamplifief tefore the demodulatcr and which ensures the
fundamental amplificaticn of sigpnal, and alsc pecessary frequency

characteristic, bandwidtk and autcmatic gain control for the

, conditions of the linear additicn; 3) the pcwerful IF amplifier, used
!
E in the transmitter and the ensuring necessary signal level on the

mixer of transmitter. It shculd be noted that in the ratio cf sonme

characteristics UPCh as, for examgle, the ncnunifcraities of the tand ‘

cf group time lag, tc the asplifiers are mad¢ scmewhat weaker {

requirements in compariscn with apparatus of the systems of direct

visibility.

. Fage 195, H
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In accordance with the recomsendactions of MKRR [ MKKpP- Intermaticnal
Radio Consultative Committee] accepted thbe paraseters of systems are
normalized to the length c¢f line into 2500/ks, and in the
tropospheric systems ut to this distance falls 5-10 times less than
stations and the capacity c¢f trcpospheric lipes is usvally less than
the passage ability cf lines cf sight. Or the cther hand, received
signals on the tropospheéric lines asuch less; therefcre work virtually
cccurs near the threshcld values of signal. Irtermediate freaquency
for all amplifiers of usually 7C MHz. the factor cf amplification of
freliminary and powerful amplifiers - 10-20 dB, fundasental

aaplifiers - 80-100 4B [S.2; 5.3; £.22].

Por obtaining the frequency-mcdulated cscillaticns in
transaitting devices cf tropospberic radio-relay lines widest use
received the valve-reactcr modulatcrs and the ascdulators, in which
frequency sodulation is cbtained due to a charge in the capacity cf
the semiconductor dicde, entering the duct cf the geperator. These
modulators are simple in the tuming and the cperaticm, they are
stable from its parameters, they provide a sufficient linearity cf
modulation characteristic, necessaxry fcr the transmission cf a
relatively small numter cf telefbcne chapnnels, and the necessary

deviation of frequency fcr the trarsmission ct the signals cf
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television image.

For obtaining the large deviation of fregquency during ssall
nonlinear distortions are apglied the special schematics of the
frequency-modulated generators with the reactive tute [5.2]. The
tendency to ottain the largye deviation of frecuency and small noises
~f nonlinear junctions leéads to the need of using the tubes with the
large transconductance, and this is the reascp for an increase in the
instability of average cscillatcr frequency dcte tc sensitivity of
tube to changes in the value of the feeding vcltages and anmbient

temperature.

Recently begin tc be widely applied the genekatcns of the
frequency-modulated oscillaticas with the sesiccnducter diode-

varicaps which carry tte character of the capacitive reactance, which

derends on the value ot lias voltage [5.1). These generators are free

from the deficiencies indicated, icherent in devices with the
teactance tubes. Semiccnductor dicdes are arplied at frequencies to
several hundred megaherti. Fcr cttaining the frequency-amodulated

; oscillations the diode is ccnnected in paralle¢l to the duct cf

generator or parallel tc its gart.

‘ The measure for the evaluaticep of the ncrlinearity of the

sodulation characteristic of geperator is the uniforaity of the slcpe
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of this characteristic. For decreasing ncnlinear distcrticns into the

oscillator circuit is ictroduced tie twc-circuit body-fixed systesm.

By the selection of the parasateérs cf this system intc the duct of
the generator is introduced this iapedance, tlat the differertial
characteristic would be symmetrical and it wctld bhave aininus

ncnlinear distortions.

Page 196.

Fig. 5.40 gives the schesatic of this generatcr, while in Pig. 5.41 -
the characteristic of slcpe without the duct and with ccnnected

compensating circuit.

The decrease of ncilinear distortiors it is possible to obtain
with parallel connecticn c¢f two diodes, which wcrk during different
displacement, i.e., thcse having differeprt dependence of capacitancs
cn the "oltage. Displacement is selected in such a vay as to ensure
the sutual compensaticn fcr characteristics exrand the limits cf a

change in frequency [S.1].

The demodulators, used in the equipaent fcr trcgecspheric lines,
consist their three tasic parts: limiter, PN discriminator and outrgput

assenbly. Limiter serves for the eliminaticon cf fparasitic amglitude




DOC = 80025111 EAGE Lfﬂp

sodulation. In the ?M discrisinator occurs the isolation of useful
coamunication output ncde provides the agreesent c¢f the output of the
F® discriminator with thke grcup cr the videc amplifiers. For
obtaining the effective limitation are appliec multistage lisiters cn
the special dicdes which bave fast time constart and low internal

resistance [5.3].

During the limitaticn at the output of the cascades of limiter
appear the harmonics cf the sigral of the intermediate frequency
wvhich cause in the FM¥ discrisinator the aprearance of supplementary
nonlinear distortions. 7These harmonics are filtered cut in the
special stage with a gcc¢é failter, shich has flat passbtand in the band
cf operating frequencies. Widest applicatico in the egquipment for
radio relay lines found the PF discriminators with twc detuned

circuits [5.3)].
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Pig. 5.40. Pig. 5.41.

Fig. 5.40. Oscillator circuit of frequency-mcdulated cscillations on

dicde with compansating circuit.

Pi3. S.41. Change in slcpe cf amcdulation characteristic of generatcr
with diode: a) wvithout ccamgpensating circuit, t) with coapensating

circuit.

KRey: (1). NHz.

§5.10. Prequency fixing, crystal oscillators, aultigliers, mixers.

In the equipment fci tropospheric lines fcr the frequency

conversion are applied the hetercdynes of high stability. High

stability is necessary sc that the signal wculd remain in the center

of the passband of the receiver: filters, asglifiers, detectcr, etc.

Page 197,
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For exanple, for the trarsmissicn cf 60 telepkcne channels the
circuit of intermediate fregquency must have width of tand 5-€ MHz, if
in it is pnot provided the correcticn of phase responses. With the use
cf correction the band ¢f circuit can be narrcwed tc 2-3 MHz, and
during the setting uf cf thresacld device it can be led to (.5-0.6
MHz, If ve assume that the absolute instability cf the frequencies cf
transmitter and heterciéyume cf teceiver cam ccepcse 10c/o of the
tandwidth, i.e., 50-S0C kHz, then relative unstatly cf frequency will
compose 107 %*-10"¢ for the range SC(-5000 MHz. The necessary value cf
the high frequency wvith this stakility car te cktained ty the methcd
cf repeated frequency sultiplicaticn c¢f crystal coscillator. Curing
the development of this gultiplier should be avcided the appearance
c¢f frequencies, which ccincide wit:k the intersediate frequency cr
clcse to it, since they can cause interfererces within the ecquipment
fcr station itself, Crystal oscillator must Lte asseabled cn the
special quartz with a ssall tenperature dependence and included in
the thermostat. To a consideratle degree the instability cf
transaitter is determined by the instability cf the medium frequency
cf the frequency-modulated generatcr, which fcr the generator with
the reactance tute at the frequency of 7C MH2, can be 100-20C kHz,
and for the generator wita tkeé cdicde - 2C-SC kHEz. In the

transaitters, constructed according to the tlcck diagram with the




i
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poverful mixing, this value of absclute instakility is transferred <o
the high frequency and can substantially make the cczmcn instakility
worse of device., Fer olttaining the oscillaticrs of this oscillator
frequency in the practical diagrams it wcrks ¢n third or higher

gechanical crystal harscrics.

Pig. 5.42 gives the schematic of crystal oscillator cn the
transistors. The first transistcr works as asplifier with the
grcunded base and the duct in thke circuit of ccllector the seccnd -
the emitter follcver - it serves for agreeing c¢f loads and fulfilling
of the balance of phases. All elements of generatcr ccnsist intc the
thermostat, for the cortrocl of teasgerature cf which is utilized

tridge circuit with the thersistcr.

Por the receiving-transsitting devices c¢f trcpospheric radio

relay lines is required freguency sultiplication 10-100 times.
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Pig. 5.42. Schematic c¢f crystal oscillatcr.
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Frequency aultipliers fcor tne receiving sixer vhere is required the
power of oscillations 10-100 aV¥, are constructed acccrding tc this
frinciple: first obtain the pecessary povwer c¢f cscillaticns at
frequencies of order hundred cr several hundred megahertz in the
stages with the usual tules and cn the ducts sith the concentrated
constants, applying staces with dugplicaticn cr trebling of frequency.
Bigh-frequency stage is ocne cn the special bigh-frequency tricde
vith the coaxial and wvaveguide circuits, In tle transmitters, whers
the displacement is ccrducted at the high level and from the
sultiplier is required the fcwer ip several watts, the stages of
sultiplication are ccllected cn the more high-pcwer tukes, mcreover
are applied several high-frequency stages of duplication. for

cbtaining the large pcwer stages cf multiplicaticn they can te
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combined with amplifier stages.

Recently vide distributicm acquires the method cf fregquency
sultiplication of oscillaticns with the use ¢t nonlinear capecitance
of semiconductor diodes - varactcrs [5.24]. The sajcr advantage of
such multipliers - highk efficiercy, which reaches tc S50c/0. Each
stage of this wmultiplier ccnsists cf the duct inclined for the
fundamental frequency, varactor itself ard duct inclined for the
double frequency cr the frequency, several tises large. There are two
types of the stages: the series diagram in which the pcnlinear
capacitance and ducts a3re cconnected in series (Fig. S.43a), and the
farallel diagram (Fig. %.43b), in which the varactor is connected Lty
cne lead in parallsl tc¢ two ducts. The seccnd diagrap has a rusber cf

structural advantages €specially at the tigh frequency.

As the only energy scurce fcr this aultiplier serves the

generator of input oscillaticas.

In the equipment fcr tropospheéric lines are utilized three tyges
of the mixers: 1) the lcw-ncise mixers with 2z small the
high-fregquency signal level: 2) mixers fcr the second frequency
conversion even 3) powerful mixers. Mixers with a szall level cf

usefnl signal are estatlished or directly after the twc-circuit

parametric amplifier with the circulator (in this case they cperate
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at the frequency of arriving sigpnal and are ccnverted high~frequency

¢scillaticrs into the czcillaticns of interseciate frequency), cr

enter into the schematic of the parametric amplifier cf converter tut
in which they serve for the trapssfcrmaticn cf the fluctuaticns of the
difference frequency cf cf higher than signal frequency, intc the

¢scillaticns of intermediate frequency.
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Pig. S5.43. The diagrams cf svltipliers cr the varactcrs: a) are

consacutive, b) parallel.
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These aixers are fulfilled in the form of ccaxial or waveguide
constructicns on special aixer <icdes and pcssess lcvw factcr c¢f the

noise and by low losses during the transforsatics.

Mixer for the seccndé frequeéncy conversicrp is applied in the
systeas of frequency ccntrcl with an accuracy tc phase and in the
synchronizing units cf add systeama. These amixers wcrk at the level cn
the order of 0.1-1 ¥, tiey are fulfilled cn the tubes or the
transistors; sometimes they are collected opn the balancing network
for the suppression cf the second harmonic, wtich in the brcadktand
systenm it is difficult tc supjpress by the use cf somec filters.

Povwerful mixers are instalied in the transmitters, ccaostructed
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according to the diagras cf pcwerful mixing, they are fulfilled cn
the tubes and on the dicde sixers and they car ke designed ir the
fora cf cocaxial and waveguide ccpstructicns. 1he dicde mixers have a
factor of the noise of 1(-20 units. The mixers must have goad
agreement, ctherwise with the wcrk with the parasetric amplifiers
this can lead to the distcrticn c¢f the fcrm cf frequency
characteristic and the agpearance cf suprlementary transient ncises
in the channels. Usually for elimicating this rhencmsencn, and also
for preventing the incidence ¢f the noises cf amixer into the
amplifier and their amplification, betwveen parametric amplifier and
mixer is installed ferrite gate. Ir the equipzent are applied the
zixers on one diode and talancing petworks cp twc dicdes. The latter
give the possibility scaewhat isgrcve noise factcr due tc certain

conpensation for the ncises c¢f beterodyne with the balapnce of diodes.
§5. 11, Devices for decreasing the threshcld level CEkM of receiver,

In the receiver CLM of signals occurs the phencaenon of
nthreshold ChM" which apgear as a sharp increase in tne noises at the
cutput of the PM discrisinator with the decrease of signal-tc-noise
ratio at its input of lceer than tke specific level. Graphically t'e
dependence of relaticn signals/ncise at the cutrut of the PN
discriminator on the signal-tc-pcise ratio at its input is shcwn in

Pig. S.44. Curve 1 ccrresgcnds to usual ChM tc receiver, To fpcint 2
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the relation noise/signal at the output linearly depends on
signal-tc~-ncise ratic at the input (for exasple, with the decrease cf
signal at the input of recsiver twc times ncise at the output cf the
FM discriminator it grcws alsc twc times). Ir the signal-tc-ncise
ratio at the input of the FM discriainatcer telcw 8-12 dB this
dependence is disturted and curve at first slcwly, and then steeply

changes its slope. Ttis regyicn co curve 1 lies mcre left pcint A,
Fage 200.

Thae threshold pcint A usually defines as the point at which the
relaticn noise/signal at the cutput of the PP discriminator differs
from the linear dependence signal/noise at its input on 1 4B [5.2%5].
It should be noted that curve 1 ccapletely dces nct reflect the
Fhencsencn of threshcld and is oct considered its subjective
rerception. Thus, with tbhe work Ch® of receiver in the threstcld
region at the output cf the ¥M discrimipnatcr rct cnly is perceived an
increase in the noise, Lut also pcises themselves acquire by
different character instead of the flat cnes scme they Leccme pulse.
This sharply increases tteir interference with sultichannel telephcny
and it is nct cospletely ccnlcnsu:atéd with tte increase in the aean
pover of shim, which carc be cocbtaiped vith measurement. Analogcusly is
received deterioraticn in the guality of televisicn image. In this

case appear the tlack acd leson spcts, which flicker cn entire screen
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[5.26]. To this one shculd add that together with a tctal increase in
the ncise and a change ip its sgectral ccmpcsiticn at the output cf

the PM discriminatcr is cbserved also the ncise suppression cf useful

signal [ 5.27], which even mcre aggravates the threshold effect ChM cf
receiver., Thus, the decrease of signal of lcwer than the threshcld
level leads tc ccmplete Lkreak in tkte ccswmunicaticn. Therefore a
decrease in the threshcld level Ch® of receiver has fundamental
importance for the tropcspheric lires of cossunicaticns, since sigral

cn such lines has deep tadings.

The power of noises, led to the input Chr cf receiver, acd
consequently and threskcld level depend cn the tand cf circuit PCh of
receiver. Therefora the siarlest method c¢f decreasing the threshcld
level ChM of receiver is the decrease of this band. However, talc tc

the specific value,
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At present is already develcped a large guantity of devices fcr
lovering in the threshcld level ChM of receiver [5.25}} it is

possible tc divide ther iatc twc tasic grougs:

1. The so-called "sexrvo systeas™, namely: device with tte
feedback in the frequency (0SCh), the servo filter, which tracks
heterodyne, regenerative frequency divider. Ir these devices the band
¢n PCh is considerably narrowed an compariscn with the passbard usual
Chd of receiver. In acccrdance with the aid cf feedtack here éecrease
deviation the frequencies cf useful signal and, therefore, the width

cf its spectrum. As a result in this systea decreases the power cof

noises wvithout the power loss of signal and tterety is decreased the
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threshold level c¢f receiver.

2. In this group cf devices is utilizsd increase in enercy cf

useful signal due *to lccal cscillator. Ir this case tcgether with the
frequency detection is applied phbase, and fcr decreasing the
distcrtions of the communicaticon adopted whick in this case agrear,

is introduced negative feedtack in the frequercy.

Block diagram ChM ¢f receiver with the feedback in the frequency

is depicted in Pig. 5.45. In contrast to ccoventicnal superheterodyne

ChM of receiver, here hetercdyne nct with the fixed tuning, tut has

frequency modulator. It this case the frequency cf heterodyne changes

according to the same law, as tike communicaticn adopted. For this
voltage from the output cf frequency detectcr cf receiver it is
supplied to the frequercy shift key of hetercdyne. The sign cf this
voltage is selected in such a way that the ipstantanecus fregquency of
heterodyne would be ccphasal with the instapntanecus frequerncy cf tte
coapunication adopted. 1t this case the instartaneous frequercy of

heterodyne begins to fcllcw the instantaneous frequency of input

| signal. As a result c¢f interacticn two ChM c¢f signals in the =mixer is
E : formed the signal of irtermediate frequercy with the deviaticr, egqual
to a difference in the cdeviaticrs ¢f these signals. Such by shape,

the value of the resultieg deviaticn in the irtermediate frequency

depends on the deviaticr c¢f the frequency cf teterodyne which, in

turn, it derends on amcunt cf feedkack.
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Pig. 5.45. Blcck diagraam ChM of receiver with the feedback in the

frequency.

Key: (1) . Antenna. (2). Eixer. (3). Narrcv-kard CPCh. (4). Limiter.
5. Qutput of receiver. (6). Heterodyne. (7). Prequency shift key.

(8 Circuit 0SCh. (9). Circuit of correcticn.

Fage 202.

As is known, ninirzus band c¢f frequencies, cccupied by Che by
signal on PCh, ccmposes 2F, wbere F ~ the highest frequency cf the
modulating signal. This cccurs with a ssall icdex of scdulaticn,
virtually with 2<0.5. The frequency band at the input of receiver
vith the large index of scdulation is deterwined apprcximately by
expression [5.25)

Afx=2im~1jF.
Prom this expressicec it is evident that the smaxisus amcunt of

feedback, which can te irtrcduced in ChM receiver, is equal tc zZa. In
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this case the index of »socdulaticn in the intermediate frequency will
fall to 0.5. Then band cf the trapsmissicn ¢f narrow-band UPCh can te
will be brought to 2F, i.e., to decrease in (a+1) once. In s¢ many
once it is possitle tc lcwer the tireshcld cf pcwer. This is

explained by two fundamental reascos [5.28).

1« It is kncwn that negative feedback (CSCh) always expands
equivalent band of direct circuit. This cccurs also in the systea
¢SCh, which leads to the expansicn of the eguivalent band of
narrow-band UPCh and, therefcre, to the lcss ¢f gain in the ttreshcld

level.

2. On ChM hetercdyne of receiver together with NCh with signal
is supplied noise frcm cutput cf frequency detectcr. This ncise,
interacting with the input ncise, forms the supplementary ccagcnents
wvhich increase the total gcwer ¢f roise 2t the input cf the EX
discriminator. An increase in tte pover cf rcise under the action cf¢
feedback causes the sc-called "inherent" threshcld cf system CSCh.
The onset of its own tihreshold liaits the maximus degth of inverse
tinder. Therefore in practice 1np the receiver with CSCh amcunt of
teedback is taken less than value im. Threshcld curve for ChF of
receiver with OSCh is given in Fig. 5.44 (curve 2). Curing tte
comparison of this curve with tie threshcld curve fcr usuval ChM of

receiver (curve 1) it fcllows that the receiver with CSCh has swaller
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threshold level (point B c¢n curve z) and resgectively gain on the
threshold level compcses the difference Lretween the sigpal-tc-noise
ratios at points A and B. although receiver with CSCh has the Lest
threshold level, nevertheless in the section -§occurs the linear
tuild-up of noise at its cutput., Thkerefcre ir the systems with 0SCh
for obtaining the high signal-tc-ncise ratics rear the threshcld is
aprlied the large deviaticn of frequency, thao in the usual systers.
The gain on the threshcld level, jrcvided by systea 0SCh, is S-6 4B
with the amount of feedkack 1z dE. Prom the ccazparison of these
curves it also fcllows ttat in the regicr higker thano threshcld the
receiver with 0SCh has nc advantages. Let us recall that with the
signals of higher than the threshcld the noise at the output ChM cf

receiver is determined ic ty gorsal band NCh cf circuit.

ChM receiver with servo filter (Pig. S.u€) differs froam receiver
with O0SCh only in terms cf the place of the ccrrecticn of the
frequency shift key.

Page 203.

In this case under the action of the sodulatirg voltage is

reconstructed the narrcw-tand filter, vwhich fcllces the instantaneous
frequency in the circuit c¢f btrcadtand UPCh, the passband of which is

selected different dcutled embrcider to the scdulatirg frequeccy.
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Thus, according to the result of werk this diagram is amalogcus CScCh.
However, with the practical fulfillaent the servc filter has a numter
of advantages in ccmpariscn witk CSCh. Pirst, since the value of
interszediate frequency and deviaticn at input and output cf filter e
are changed, then it cen te ccnnected in alrezdy finished ChwM
receiver. In - the seccrd, tte servo filter is less is inclined to
the self-excitaticn. Treretcre the correcticr of locp of feedback
considerably is facilitated [S.2¢5]. To deficiencies in the serve
filtar should te carrie¢d the essertial nenlinear distcerticns cf the
modulating signal; however, with tbhe recepticp cf TV signals this is
not decisive. The gain cn the threshold level, given Lty receiver with
the servo filter, is virtually equal to the gain of receiver with

CSCh.

ChM receiver with the "servo heterodyne® [5.29]. In the
cormunicating systams, which use remote tropcsrheric fprcpagation, as
a rule, is utilized the diverse receptior. It this case the device
for an isprovement in tte threéshcld level must te ccnnected tc add
system, i.e., feedback lccp sust nct be emtraced stages after the
blcck of adding the sigrals. Purthermore, device must not be
sensitive to fading cf input signal. The requirements indicated
cospletely satisfies device fcr an improvemert in the threshcld level
-~ "servo heterodyne® (Fig. £.47) whose use {s especially expedient in

the systea of the diverse recepticn during tte aédition of sicnal tc
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the PM discriasinator. 1his device 1s switched cn between brcacband
UPCh and FN discriaminatcr cf receiver and ccnsists of three wixers,
narrov-band UPCh and reference guartz oscillatcr. The frequency of.
received signal at the cttput of fundamental CPCh of receiver is
aqual to /», The frequency ¢f reference guartz cscillatcr is e€gual tc
The "serve hetercdyne" is regeperative device ard in the grocess
cf work signal frequency at its cutput is equal to frequency at the

input, i.e., is equal tc f=
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Fig. S5.46. Blcck diagram ChM of receiver with the servec filter.
Rey: (1), Antenna. (2) .mixer. (3) . Broadband UECh. (4). Narrcw-Lband
filter. (S). Limiter and ChL. (€). uutput of rteceiver. (7).

Heterodyne. (8). Prequency shift key. (9). Target of correcticn.

Fage 204.

The part of the energy cf output signal is sugplied tc the third
mixer where as a result cf interaction with the signal of reference

guartz oscillator is fcrmed signal with sum frequency /= .-/ ia This

e sy e = 2 = o

signal enters sinmultanecusly the first and tc the seccnd mixers. In

the first mixer after interactice with the input signal is fcrmed

difference frequency /u= [._/, tne secordly - as a result of the
subtraction of frequencies /r and /w again is fcrmed the sicnal with

initial frequency /:=/—/ s

. Let us assume ncwv tkat the frequency cf input signal changes and
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comprises, for example /:~). Then signal frecuency at the output is

also equal to .-J). or cutput ¢f the third sixer the signal

frequency equal to .- But in this case is fcrmed signal with
difference frequency . := ' -))—¢;+3/; and in the second mixer -
signal with difference fraqueacy '—VNi—/s=/2T). Prcas the given

example it is evident that with any changes ir the frequency cf input
signal at the output cf the first sixer, i.e., io narrow-band UPCh
there is always a signal with ccnstant frequency /nss te the equal
frequency of reference cscillatcr. This, first cf all, provides

ad justment-free work of device wbich gives tte possibility tc obtain
in its narrow-band part signal with the constant and kigh-statility

frequency.

In the process cf frequancy modulation, i.e., with a ragid
change in the frequency, cccsrs the similar pattern, i.e., in the
first mixer are deducted the deviations cf signals /u and/~ and the
secondly, where is restcred frequeacy drift cf input signal, is
restored initial deviaticm. Hcwever, with a rapid change cf the
frequency in the first msixer nevertheless it éces nct cccur the
conplete subtraction of deviaticns. The fact is that in the direct
circuit of device alwayjs cccurs signal lag (ir essence this time lag

is determined by narrow-tand UECh). ‘
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Pig. 5.47. Block diagram Chk of receiver with the servo heterdyns.

Key: (1). Antemna. (2). Bixer. (3).Widetand UBCh. (4). Mixer. (5).
Narros<-band UPCh. (6). lisiter 2nd OD. (7). Cutput cf receiver. (8).

Heterodyne. (9). Quarctz generatcr. (10). Servc "hetercdyne".
Eage 205.

Therefore delays the phase cf amcdulation of substances signal with
frequency | at the input cf the first mixer relative tc cf
sodulation in the input sigral. As a result ir the first mixer the
deviation decreases althcugk very strongly, nct tc zero. In this case
the deviation decreases the greater, the lcwer the scdulatirg

. frequency, since for tte szaller fiegquencies cccurs smaller phase

shitt. In the second mizer fcr all mcdulating frequencies the initial
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deviation is restored.

From the descripticn c¢f the cperating principle it is evident

that the "servo hetercdyre" is deévice with twc-lccp feedback in the
frequency, moreover in the e€xtermal loop (tc the first sixer) is

realized negative feedAlack, ard in the irterral lcor (tc the second

pixer) - fpositive. As a result it is obtained, that entire device
relative tc input and cutput not at all included ty ccnnectice with
any sign. This makes tte "servc hetercdyre™ free frcm the
deficiencies cf 0SCh and the analcgcus devices i.e., here is nct
required the ccrrection cf feedtack loops, is nct expanded ttle
equivalent band of narrcw-tard UBCb, and therefcre it is rossikble tc
conpletely realize gain in the threshcld level. Purthermore, here it
does not appear its owr tbkreshold cf feedtack, ard therefore it is

possible tc ensure the significant decrease c¢f the deviation cf the

frequency cf received sicoal. Tkis device with the identical success
vorks both with the recegticn cf 1V signals ard signals nmultichanrel

telephony.

Pirst type threshcld devices include alsc regenerative civider
[5.25). However, as a reésult cf tte mcre ccasgplicated design it did

not have extensive apgplicaticn in ChM receivers.

ChM receiver with the regeperation cf carrier. As has already
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been indicated above, fcr decreasing the threshcld level in the

secord group of devices is utilized the energy cf lccal oscillatcr.

In this case the voltage frcs it is intrcduced into the circuit of
| intermediate frequency tc the limsiter, and its frequency and phase
are adiusted slightly with the aid of the systes cf phase autcsatic
frequency control (PAPCh) tc the ccincidence with the carrier cf
received signal. Block diagram ChM cf receiver with the cophasal

regenaraticn of carrier is showr in Pig. S.UuE€.
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Fig. 5.48. Blcck diagras Che cf receiver with the regeneraticno cf

carrier.

Key: (1) . Antenna. (2). Mixer. (3). Broadband UECh. (4). Limiter and
ChD. {S). Autput of receiver. (€). Eéequency-lcdulated tetercdyne.
(7). Phase discriminatcr. (8). f;equency-modulated hetercdyne. (9).

Circuit osch. (10). PFilter.
Page 206.

As it is noted in wvork {£.25), for the undistcrted reception Ch¥ cf
signal with the aid c¢f this device it is necessary to satisfy tvo
conditions: 1) the index ¢f scdulation must ke considerably less than
the unit and 2) voltage frca the reference cscillatcr is consideratly
more than the carrier cf tke coxmunicaticn adcrted. For satisfacticn
cf the first conditicn 1s agpplied the descrited above feedback in the

frequency. As is known, eny synchrcnous detecticn, i.e., detecticn
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with the use of refererce vcltage, is without threshcld. However, in
this case reference-voltage scurce is sutbjected tc external etfect,
since system FAPCh cannct work in any signal-tc-noise ratio at its
infut. This leads to the disturitance of the irrhase state cf vcltages
and, consequently, alsc to tke disturbance cf the prccess of the
isclation of useful signal. Therefcre gain cn the threshold level in
this system is limited practical ty the value cf 10-13 dB. Ancther
version of the described height system is depicted in Fig. S.4S. Here
for the detection ChM cf signal is utilized system FAPCh. Moreover
voltage from the reference cscillator is intrcduced ccphasally, but
crthogonally with carryiny Ch¥ cf signal. Fcr decreasing the index cf
sodulaticn, and alsc decrease of parasitic asplitude eodulaticn is

introduced the circuit CsCkh.

To the advantages cf synchroncus phase detecticn shculd te
carried also the absence of the cvershoots cf ncise with the werk in
the threshold region, i.e., the character of shim at the output of
the phase discrimipator does not change in any signal-tc-noise ratios

at its input.

Proe the short description of systess fcr ap iamprovement in the
threshold level it is rcssikle tc draw the ccrclesicn that the most
adequate threshold device for tke use on trcpcstheric RRL is the

"servo heterodyne”, whick provices the greatest gain cn the tlreshcld
level, it is insensitive to the instability cf the fraequency cf input

signal and changes in its level, furthersore, it can ke used in *the

system of the additicn cf signals in the internediate frequency.




DOC = 80025111 FAGE Lflf/
) ; 0 g/
 AnTaw \:) &) e Szod
b 1 [ IM?’GV"‘ i212085d LT

‘ SNQTLT ooy AT emeximag
I tw Jemexitos

—r* SHY
¥ !
‘ |

I . :
(] TgemoTe- Y RScmomag-
Kk ) o R | K-/ CRE '
e sormaan sy b
128 TR0~ | 2emessiin ||
[ ——
7 7

|

1 k(/ /;, Susemp T—_"

o
\o

veno O0V

Pig. 5.49. a block-diagras Ch® cf receiver with the phase detectiocn.
Key: (1) . Antenna. (2). Pixer. (3). Broadétand UPCh. (4). Phase
discriminator. (5). gutpnt of receiver. (6). frequency
modulated heterodyne. (7). Filter. (8). Circuit CSCh.

Fage 207.

§5.12. Construction cf group circuit.

TRL allov multirlexingy high-frequency shtaft with the aid cf the
standard sultichannel egquipment with frequency channel separation. In
accordance with this tbte yroup circuit of system must pass the
frequency band for 12 channels 12-¢0 kHz; fcr 24 channels - 12-108
kHz; for 60 channels - 12-252 kEz and for 120 chamnels - 12-552 kHz

or 60-552 kHz. Since link between aperatcrs cr the trcpcstheric lines
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is organized in the sase fundaamental telephcne shaft, then in the
tand of frequencies c¢f tte groug circuit cf systea is provided for

rlace for distributicn cf official channels. For increasing the

effectiveness of link tetween oferators it is pcssibtle to create
several official channels the bapnds cf frequetrtcies cf which are

placed above and belcw the tand, cccupied bty telephcne channels.

In the egquipment 151 independent of agpparatus cf multiplexing is
realized the continucus insgpection of furdasmertal qualitative indices
cf channels, namely: tte ccntrol of overall line attenuation c¢f grcup
circuit and noise level in tte chanrnels. PFPcer the checking in the
group circuit are createé tite mcoitcring charrels bands of
frequencies of vhich are placed above and belcw Ltand edges, cccupied

ty telephone channels.

The version of the distributicn of the tand ¢f fregquencies in
the group circuit of thke system of the tropcsrheric ccmaunication,
which works with the standard egquigment for multirplexing K-60 tc 6C
telephone channels is given in Fig. 5.50. The klcck diagras cf the
construction of qgroup circuit is ir ccnpecticn with this case given
in Pig. 5.51. the transaitting part of tle grcup circuit begins frecr
the line transformer L1 fcr the transiticn frcm the talanced cable tc

the asymmetric diagrams.
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Fig. 5.50. Distribution cf tke treguency tands in grcup chanpel.

KRey: (1. Service channel 1. (2). Ccnt. charnel 1. (3). 60 channels.

). Service channel 2. (S5). Ccrt. channel :Z.

( i) flepedanxyas vacms

(2}
' ; ‘ x modyasmzpy \ "

(3 om demodyasmapa P g

Pig. 5.51. Block diagras cf ccastruction cf grocug circuit.

Key: (1) . Transmitting part. (2). to modulatcr. (3). freca

demodulator.

Page 208.

Por the matched connectica and the decoupling cf the circuits cf

equipment for multiplexirg, ceneratcrs of rilct frequencies and

equipment of official ctannels serves the matching device SU. In TEHL
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in accordance with the reccamendations of MEKR are applied the

predistortions of grcugp signal, which makes it pcssikle tc

significantly lcwer the rcise level in the ugrprer channels due to the
equalization of noises alcng the channels. In the group circuit on
the side c¢f transmission t¢his is acconplished Lty the pre-distcrting
duct or by the duct c¢f prelasinary slope KEN-1, and on the side cf
the reception equalizatica of signal it is ccnducted bty the restoring

duct KPN-2,

If equipment for rultiplexing is located at a great distance
from the station of radic relay lite, then co the ingput cf grcup
circuit is installed linear grcup amplifier IC with the linear
aqualizer LV for the equzlizaticn of the frequency characteristics cf
coupling cables and the variakle extender UL fcr guaranteeing the
rosinal level at the ipput c¢cf the sodulator c¢f transsitter. In the
group circuit on the side of reception are ccrnected fcllcwirg
elemsents K filter (F-K), which lccks currerts cf icwe:
cfficial channel, restcring duct KEN-2, grougp aaglifier GG,
distributor RU fcr the tranching of upper official chanpnel and

sonitoring channels. At the cutput cf the grcrp circuit before the

equipment for npultipleszing are svitched c¢cn the filters v-K and F g9
the locking currents cf scnitoring channels acd upper official
channel, after filter car te established tbe linear asplifier LU and

balancing transfcrmer.
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At the transit exchanyes where is necessary the isclaticn of the
part of the channels, jgtc the diagram c¢f grccp circuit additionally
are introduced the filters and differential systems. Group azplifiers
differ little frcas the amplifiers, used in the usual radio relay

equipment and in the equipment fcr sultiplezirg. Are vutilized the

amplifiers, assembled tcth cn the tubes and cr the transistors. Group
amplifier must provide the amplification of the signals cf grcup
frequencies to the assigred value, vwhich ccrresgends to ccupling
levels with the equipment fcr maultiplexing, ard alsc compensate
lossas in the elements c¢f grcup channel and tke ccupling lines.,
Anplfier amust provide identical amgplificaticn in the band cf
frequancies of the grotp circuit with the cutput stability cf cverall
line attenuation and aipimuam norlipear distcrticns. For fulfilling of 3
these requiresents in the group amplifiers is agplied negative
feedback. The ducts ¢f piedistcrtions KEN-1 ard RNP 2 are fulfilled
in accordance with the recommendations of MKEKR. In Fig. 5.52 are
given their frequency characteristics. Ducts are designed so that cn g

the thermal noises they give gain for the upper channel in 4 dB.

In the systems cf the tropcspheric lines cf communicaticns lower

official channel usually is intended for the ccsmunication fbetween

the adjacent staticns.
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High-frequency official chanpel in the grcup spectrum occupies
the band ¢f higher thar the service b;nd of cltannels, and cn the
quality it is consideratly bigqher than the lcws-frequency cfficial
channel and therefore it is utilized for the ccamunication alcng tre
entire line. The formaticn cf tkis channel is realized somewhat by a
simpler nethod than chanrelang in the egquigsert f£cr multiplezing. For
the transsission c¢f signals in the upper official chabpnel is uvtilized
the method of the amplitude scdclaticn of carrier high-frequency

oscillaticns with the isclaticn of one lateral frequency tané. g
i

Single-band transmissicr is realized by a methcd c¢f two-phase
sodulation {5.30] of the carrying oscillaticns in the sc-called

chase-difference diagras in Fig. 5.53a.
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Pig. 5.52.

Key: (7). dB. (2). Prequency characteristics cf ducts of

predistortions. .37 ¥ TZL »
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Pig. 5.53. Block diagram (a) and vector diagram (L) cf

thase-difference mcdulaticn.

' TR .
R /.
l IR i \\' Fari (3) '
., 1 20 20 VA00XVH0 0 0 wIKY
U dacmomueie  2O20XMENTTAU (0hTy 08 J0edmieim il

Prequency claracteristics of the dtcts of predistcrtions.

]




DOC = 30025112 TAGE 2;14/{

Fage 210.

Diagram consists ¢t two ktraanches, united with the aid of tha
adapters into one systes wnich fulfills twe functicns: 1) ccrverts
audio signals into the signals cf tigh frequercy ¢n the side cf
transmission and, on the ccntrary, the signals cf high frequency -

into the signals of low frequency cn the side cf recepticn; 2)

isclate one sideband, suppressing in this case the second sideband,

wvhich is formed in the fprocess ¢t ccnversior, and the carrier

frequency.

Diagram works as fcllcws. The phase-shifting circuits cf low

frequency FKNCh provide shift by 9C° for any frequency in the rand cf

cperating frequencies at output cf one relative tc the cutput of

another, Two circular frequeacy ccrverters KECh utilize a voltage

from one source of the carrying cscillaticns, but with phase shift on

909, the rc¢tation of phase is realized in one cf the tranckes with
the aid of the phase circuit of high frequency FKVCh. Tc the
lov-frequency input of diayras is supplied the signal cf tcne
frequency, which in the ditfecential system LS is divided intc twc

equal in magnitude parts. In each Lranch the signal cbtains rhase
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shift and undergoes high-frequeacy conversicn. As a result at tha

cutrcut of each branch are obtained twoc side frequencies, arranged
symmetrically relative tc¢ the carrier frequency. Cutputs of tcth
tranches are united witt the aid cf the adagter PC, forming the
twin-lead high-frequency cutput of diagram. 2t the cutput cf
thase-difference diagras side trequencies of toth tranches are
summarized. In this case as a result of fhase shifts in the tranches
of diagraam by 90° in thke low ancé nigh current frequencies the rtassed
side frequencies coincide 1n the paase and add vp, whereas the
currents of the delayed side frequencies, shifted relative tc each
other on 180°, are eligiracved. Fig. 5.53F gives the vector
performance record of rhase-difference diagras. Vectors I and II
depict the oscillaticns ¢f the carrier frequerncy: 1.2, and 3.4 - !
vectors of side frequencies. At the output cf diagram the vectcrs cf

side frequencies add up 1a accordapce with the vectcr diagram.

Vectors 1 and 3 add uvp, énd < and 4 whose phases differ by 18C°, are
eliminated. The carrier frequency in the phase-difference diacranm is
csuppressed. Degree of the surpression of lateral cnes - 2.5 Np in the
circular frequency ccnverter. Analcgously phase-difference diagrarcr

vorks on the side of recepticn, in this case in the diagranm is

conducted rephasing cf cpe ¢f the tranches cn 180°,

ey

Por supplying the sigrals c¢f upper cfficial channel intc the

grcup circuit to the diacras it is added by CVCh, vcltage from outgu*
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of which is supplied tc¢ tae matching device, and then to the

modulator. On the side cf recepticn between the cutput ¢f grcup

? ; amgplifier and the phase-differeance diagram alsc is switched cn the

high~-frequency aeplifier.

Por the inspection of fundamental gqualitative indices cf tha }
communication chanpels: cverall line attenuaticn cf group circuit ard
noise level in the charcteéls ic the the group circuit-grcvides for two

sonitoring channels cn the edges of the line spectrum of fregquencies,

Fage 211,

Frcm cf the transmitting part ipntc the line aie supplied with fixed
level the currents of pilct freguencies. At receiving end in the
group circuit are installed the special receivers cf the mconitcring
channels in which is mace level measurement cf the currents cf pilct
frequencies, for the ccrtrcl of the stability cf the amplificaticn of
group circuit and level measursment of the pscphcretric pcwer cf
thermal and transient ncises, led to the point with the zero relative
level. ¥Monitoring channel (Fig. S5.%4) frcam tlte line spectrum cf

frequencies is isolated wsith the aid ¢f input tand-pass filter PF ard

it is amplified by high-frequency amplifier UVCh., Filter and

amplifiar are tuned resjectively tcr the frequercy cf upper cr lcwer

sonitoring channel. Pilct frequercy is detected ty detector CKCh and
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cn the constant compcnent of devector accordirg to the instrurent

IKCh they judge the statility of overall line attenuation. Tc¢c the

i cutput of amplifier for the 1isolation of noise is ccnpnected the
detector DSh with the lcw-pass filter PNCh. Feceiver circuit cf
gonitoring channels in the part of the isolaticn cf ncises is
constructed according tc the usual grinciple cf the reception of the
amplitude-modulated sicpals. Width of band cf check receiver is
equivalent to the band cf teleppone channel, Ncises after filter are
amplified by low-frequency asglifier UNCh, are detected D anc they
are measured by instrumemnt RSh. Mcnitorirg channels are utilized also
for determining the transient ncises in the grcup circuit cf 1line
independent of equipmert fcr multiplexing (S.4'., For this real
sultichannel signal is replaced Ly test signal with the unifcra
spectrum - "white noise™. The freguency spectrum of test signal is
equal to the frequency stectrum sultichatnel c¢casunication. Energy cf
white noise directly dces nct f£all into the gc¢nitcring channels,
since they are lccated akove and Leélow this sgectrum, into the
channels fall the prcducts, wnich appear as a result cf the

nonlinearity of the characteristic of circuit. The fpcwer level of

test signal must exceed the measuring level cf cne channel fcr 24
channels on 4,5 dB, for ¢0 chancels -~ on 6.1 dB, for 120 charnels -

cn 7.3 4B,

For the creation of tast signal in the ecuipment is provided fcr
the generator of "white roise™ with the filters, which cut frcm *the

unifora noise spectrum cf the regicns, which ccrrespend te thke lirne |

spectrum ot different seal systess.

e T
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Fig. 5.54. Block diagrae of the receiver cf mcritcring channels.
Page 212,
§5.13. EBEquipment of electric pcwer sufply.

In the absence of external reiiable electric systems it is
necessary to rescrt to the creaticr of self-ccrtained pcwer plants
for each point. All the equipmect is distrituted in such a wvay that
the half high-frequency shaft, ¢r as is accegted to sgeak - cne
sutassembly, works fror cne electric power scurce, the seccnd
subassembly - from tke seccpd scurce. During the malfuncticn cf one
scurce the efficiency ct statiopn i1s retained, tut gualitative indices
deteriorate - instead cf the gquadrupled recerticn there remairs cnly
doubled. Table 5.1 gives the diagrams of the pcssitle ccmtinations cf
diffaerent electric pcwer sources with the equirrent fcr the transit
exchange of tropospheric radio relay line tc different number of
shafts and different pcwer c¢f transmitters. Ir this diagram [CA-20¥ -
diesel-generator installaticn with the flywheel tc pcwer 20 kVaA,

DGA-48 and DGA-75 - installaticn co 48 kvA andéd 75 kVA. DG -~ slcw

w-n-—-—n-lu--uu--n-u--n-u-unnulunuuluunuluqqul‘
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diesel generator.

At the stations find wide applicaticn the automated
diesel-generator installaticrs and converters with the inertial
flywheel with the remcte ccntrol. with the esergency into the wnrk is
started another installation and is given sigral abcut the need fcr
repair personnel's call. Gperaticn of staticr with the impaired
indices accurs for a period of time, necessary for starting emergency

service.

Receiver for the quadruplec recepticn recuires fcr the feed the
pover of the order of several xilcewatts. Much energy departs to the
feed of television equipsent, afparatus for sultiplexing or
isolation, monitoring and measuring equigpmert, fcr the coclirg,
heating, ventilation, acc als¢ tc the perscral needs cf perscnnel,
vwhc operates station and, €tc. 1he power, necescary fcr the teed cf

one station, can oscillate from 60 to 20C kW.
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Key: (1). Block dlagram cf installation. (2). Short characteristic.
(3) . network. (4). switcksccaasutatcr. (S5). Nueker of shafts - 1-2;

power of transmitter. (6). Kke (7). pcs. (8). shaft; pcwer cf

transmitter., (9). Main. (10). Eackup. (11). shaft.

Fage 214,

€5.14, Pundamental givean and tlcck diagram cf six-ten-channel

trcpospheric radio relay equigment.

As an example of the ccnstruction of the system c¢f trcpcspharic
radio relay ccommunicaticc let us examine furdarental data and rlock

diagram of cne of the tyres ct Scviet equirpsmert.

Operational frequencies band - 800-1000 FHz. Capacity of
high~fraquency shaft - 60 telephone channels. Fcr the repeated
reception is utilized the system of the quadrugpled recepticn with the
diversity of signals ir the space and in the frequancy. System of
addition - combined: the dcubtled recepticn with the additicn in the

| intermediate frequency and the gquadrupled reception with the additicr

in the group frequency. System is relied cn the fulfillwment ¢f the
recommendations cf MRKKR to qualitative indices of telephone channels

for the line with a length of 4500 km. F¢r crganizing the link
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tetween operators in the equigment are provided tvo official
channels., Antenna is made in the form of the segment ctf the

caraboloid of revoluticn, irradiated froes the pcint cf focus Ly

single hern feed.

Antenna gain in the free space: 44 dB fcr the mirrcr with

dimensions of 20x20 s, 48 dB fcr the amirrecr sith disensions cf 30x3C

m. Power of transmitter - 3 Kkb.

Noise temperature cf receiver with the parametric amplifier at

the input - 300°K.
Modulation ~ is frequency.

Effective value c¢f the deviation of fregqrency cn the measuring

level cf cne channel -~ 1C0 kHz.

Bandwidth of the freguencies c¢f the receiver and transamitter - 6

BHz.
Is utilized crystal ccntrol.

Equipment for multiplexing - K-60. Eand ¢f frequencies cf the

grcup circuit - 12-2%2 Kkhz.
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Input and output resistance ocf groug circuit - 135 ohsms.

Measuring level of one channel - (.55 Np.

The feed of equipmert is ccanducted fror the autcmated

diesel-generator installaticaos c¢f the type [CG2-4E.

Pig. 5.55 gives general view and blcck diagram of tramsaitter.
For the connection of the transmitting and receivers with the
equipment for multiplexipmg amd tcr the intrcducticn to the group
circuit of official channels and pilot frequercies in the assewmbly cf
equipment is provided tte¢ special stand ¢f lcw frequency. The signals
pmultichannel communicaticn frcm equipment fcr multiplexing ccme, the
strut cf lcw frequency tc the elements of the grcup circuit ct
transmission /7., of the ccrresponding directicn. In the groug
circuit cf transmissiorn, as it was shown earlier, are installed tke
matching extenders, the circuits c¢f predistcrticns, etc. Frcm the

strut of low signal freguency multichannel ccamunication, united with

the signals of official channels acrd pilct frequencies, are supplied
on modulator M of twc drivers witicin with the wcrk are connected with
cne of the modulators, Lty the seccnd it is stand-by. Switching is
realized by swvitching system FU. Tte frequercy-scdulated oscillaticns

from switching systems ara supplied on UECh, and then to the mixers
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7. which come the oscillaticuos frcm multipliers . . excitatle frcm
the crystal oscillatcrs KG. After tand-pass filter EF the
bigh-fraquency oscillaticns are sugplied to the input cf pecwerful
amplifier MU, On the given tlcck diagram are civen cnly ths
fundamental nodes of ecuipment. After pcwerful amplifier klystron is
installed ferrite gate FV, filcer ¢f harsonics FG and directicnal
coupler NO. To the directiomal coupler is ccnrected ths mcnitcr fcr
checking the parameters cf transpitter, HBigh-frequency energy fron
the output of transmitter cn the waveguide is supplied to the herr

antenna feeder. Fach trarsmittefl wcrks or its actenna.
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Pig. 5.55. Stable low frequeacy and block diagram of transsitter.

Key: (1). Driver. (2). Ecwerful asglifier. (3). Strut of low

frequency.
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Page 216,
f‘r{/%»vunn cmonnag !
e e - e —— e P P,
- B T
e bt ‘ I :
[T ‘ | L_J ‘ .
L T : : ul l L (inrnng
PR, ' . - PR | S, S s - 4 ‘rm_v(m:un
e e L @E O#- e
. — 'I P . AESTCE I
o coe | ‘(:'J @ coy e
T~ 1y . R
' l l'—M] A

et : P N 1S ]
. PRI : ! i T '
’. e . -:.A i ) l‘ i
o Gl B8} [ @—L' W

Pig. 5.56. Receiving strut amd system blcck diagram of guadrugled

reception.

Key: (1) . Receiving stapnd. (2). Stand of additicn. {3). Receiving

stand.

Page 217,
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The separation of transzissicn and reception is realized Lty the use
cf different polarizatico in the artenna feeder. Waveguides from the
transmitter and the receiver are ccnnected tc the ccsmon irradiatcr
through the polarizaticnal selectcr PS. The system cf the quadrugled
reception consists their three strits: twe struts of the dcutled
reception (Pig. S5.56) with the addition cf the signals in the
intermediate frequency and of tte strut of adéiticnm fcr guadrugling

in the low frequency of the ir fairs fclded signals. In each
receiving strut toth irpct parts are inclined fcr one operating
frequency. From one receivicg antenna the sigrals accepted are
supplied through separaticn filter RF, which divides the sigrals of
tvo frequencies, tc¢ twc receivers, located in different stands; from
another antenna - to twc¢ ancther receivers. kigh-frequency
cscillations from separaticn filters ._hrcugh the ferrite gate FV are
supplied to the parametric aaplifier-convertcr FU, where they are
amplified, and also they are ccnverted into the oscillations cf
intermediate frequency. Ecr becth parametric asplifiers of one strut

is utilized the commcn geéneratcr c¢f pumping GF. The conditions of

linear addition in each strut is provided by farallel automatic gain
contrel - ARU. Por the tuning of the phases cf the added ug
vibrations is utilized the fhase discriminmatcr FC, ccnnected with the
cutputs both UPCh, and tte thase mcdulatcr FP, ccnnected Ltetween the
crystal oscillator KG an¢ cne cf the Iuitipliers UM. Polded in the

stages of addition Gi signals from the struts cf the dcutled
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i

receptioh are supplied tc¢ two demodulators T cf the stand of
addition, in which the addition is realized in the low frequency ir
the stage, ubich consists of tw¢ cathode fellcwers with the tctal
loagd. Controfiof the arss c¢f cathocde fcllecwer is realized by
amplifiars cf noise USt. The foldea in the 1cw signal freguercy
through the qréup amplifier GU are supplied tte group circuit of
reception v éf the strut ¢t lcw frequency, and then enter the

terminal equipmekt for sultigplexing.

The isolaticJ\of scoitcoring channels is ccnducted in the
receivers of the wchitcring charnels of the strut of the low
frequency, in which\alsc are i1sclated official channels and are

<
installed the talk-call equipsert EVO.

For the inspecticr cf qualitative indices cf receiver there i

n

a

special meter panel, which imitates transwmitter and which ccnsists cf
the mixer, the hetercdyne, the frequency shift key and cther
accessories. Signals frcs this strut can be mixed into the receiving

circuit through the directicral ccupler to sefparaticn filter cr after

itl
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fage 219.
Charter 6.

CALCILATICN OF LIRES CThF DUBING THE TRANSMISSICN EULITICHANNEL

TELEPHONY AND PBINAFY INECB2ATICH,
86,1, Introduction, Norss t¢ the channel for the lines CTR.

The communicaticn channel sust ensure tte transpissicn cf
cormunications frcm the trarssitter tc the recipient with the
assignedl magnitude of relialbility and distcrticns. The reliatility cf
the cosmunicatior channel quantitatively can te detersined Lty the
ratio of the time of tle exact wcrk ¢f ccamrricaticr  tc ertire
cperating tise of lire Ti:

H<ln Ta—t, «

PR o)

wvhere (., - total time cf the breaks of ccmmunication independent cf
reasons, its caused. Cr usual tyge radio relay lines reljability in
essence it is determined by breakdcwns of eguipment cn the pcints for
line and with the apgrcpriate redurdancy it can be made as tc close

cne as desired tc the vrit. Cp the radio relay lires cf DTR tte




~
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breaks in the transmissicn cf irfcramatior are pcssitle even during

the ideal functioning ¢f equipment. These treazks derend on the randcn

fluctuations of siqgnal level at the pcint of recegticn as a result of
the ragpid and slow fading¢gs. With the drop in the signal at the input
cf receiver in lcwer thar certain value uz, ir thke ccemsunicating
systens will begin the ttrestcld cf the isclaticn cf ccmeunication and
the transmission cf intcesatico will be disccrtinued. Since the
protability of this event even during the use cf the diverse

reception is not equal t¢ zerc, cn the lines ¢f DTR the reliakilie¢cy

cf connection in principle capmnct Le equal tc unit. The calctlation
of the reliability of the channel cf comsunicaticn cf CTIR, determined
‘ ty radiowave proragaticr, is gerfcimed ir §6.z. The calculaticn cf
equipment reliabtility texe is pct examined, since it in no way g
di ffers from the appropriate calculations cf any radic-electrcenic

equipaentt,

POCTNOTE t, The calculaticn ¢f egquipment relistility is in detail ‘

described in [6.1). ENLCECCINCTE.

Fage 220.

The second most isgcrtant parameter of channel is the value of

distcrtions which is determined Lty the transeissicn characteristics

of the communication ctarnel and bty the ratic cf signal to the
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cutrut of hypothetical standard circuit can te exceeded nct scre thar
intec 0.05¢c/0 cf time, With a sutticient deqree ¢f accuracy we will
consider that P, > 1,000,000 v aggear at the cutput of cne section of
lire c¢f DTR only if the value cf signals at tle inputs cf all diverse
recaivers of cne staticn falls telcw the threshcld cf improvement in
Ch™, which is impcssible, since tie protability cf the simultaneouys
drcp in the signals cf lcwer thar the threshcld in twc different
secticns of line is vanishiogly small. Order these ccnditions the
rroktability cf the drecp in all cdiverse signals cf lcwer thap the
threshold of ChM in cne secticn cf line =xust rct be more

S .05,
() <« B8y (6.2)
Vs Uy m

4

the time of unfavoraktle secnth. Consequently, the reliability ¢f the
cperation ¢f secticn sust ke eqral to
Hyo=[100 — 25"
mn
Such high requiresents fqgr the reliability are cne of causes cf

use on the lines cof DTF ¢f thke¢ guadrugpled recegpticn.

Let us determine the reserve cf the enercy pctential of line,
necessary for the satistacticn ¢f requirements fcr the reliatility,
i1.e. let us determine the value cf the required excess mediar value

cf signal for the used atcve the tireshcld valve cf signal.
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Page 223,

The power of signal at thke input c¢i receiver P.;; is equal to:

Pag Ge
Pcu= ﬂ: —, k63)

M
=

C?“w »7s = lcsses c¢f antenna gain, p,, - pover at the output

CyC

cf transmitter,

wvhere (.=

G, - the amplificaticn ¢f tweo antennas takirg intc account the

losses,

A, -~ total attenuaticn tetween the cutfut cf transmitter ard the
inrut of the recaeiver:
A=A A A4, 6.9

In formula (6.4):

Ap -~ lcss in the receiving and transmitting feeders,

Aoy~ free-space attenuaticn:

am=(222]: |

A=7i- the rms value of the attenuaticn factcr cf signal relative to

+the field cf free space in thke wocrse month,

A, - the veakening, caused bty slow fadings,

A, - the weakening, caused bty rapid fadings.
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interference a* the cutput c¢f chancel. During the transmissicn of
tel=phcne ccnversaticns the funéasental electrical characteristics of

channel which are normalizad Lty the recoemendaticns cf FMKKR and

MKK1T, th2y are defined Ly teth the terminal equipment for
rultiplexing (channml-fciming equigmert) and ty circuit of radio
relay line, switching c¢n equifpment for tersiral and transit
exchangas., Por ChM and fraguency divisior smsultiplex cf channels (tte
rost wilely used methcé ¢f trapssissicon in the lines cf DTR) the
serarate characteristics c¢f telegphcne channel are determined c¢nly ty
equipnment for multiplexing (agzplitude and frequency characteristics,
nonlinearity, change ¢t the grotp time ir tte tand cf telechcre
channel, disagreement ¢t frequercies, etc.). These characteristics

subsequ2ntly are not exasined.

Interest are of the electrical characteristics which influences

the circuit of lines ot L[T1R. They include the stability of overall

line attenuation, therzal and transient noices.

The recommendaticns of FKKE ard MRKTIT relate tc the hypcthetical
! standard circuit with a length cf 2500 ke, which has the sgecific
nuebar of transformaticns of signal. Por the line of DTR hypcthetical

standard circuit takes tte form PFig. 6.1 [6.27. It switches cn 3

assemblies of individual ccrnverters (charnel scdulatcrs and

cdemodula*crs), 6 asseptlies of the ccnverters cf primary grocrs
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(nodulatcrs and demcdulatcrs cf 12-channel grcugps) and 9 assestlies
cf tha converters of seccndary groups (mcdulaters and demodulaters cf

¢0-channel groups). In thkis case¢, in contrast tc usual RRL, it is not

sarked off in the identical secticcs, since tke length of the
secticns of lines of [Tk in depending on specific cecnditions varies
frcm 100 tec 400 km and mcre. Based cn this, ERKF reccamends tc
consider that at the average lergth of cre section, equal to L, the

standard circuit has 2%C(,/C secticts.

Since on the lires cf LCTE cf gropagaticn ccnditicn it is
considerably mere corplicated ttkan to their crdinmary BRL, the
fulfillment of the ncrus of PKKE tc the noises in the ccmmunication
channels fecr the lines c¢f LTF invclves ccnsideratle difficulties and

can lead to the shary rise in price cf ccapcricating systenm.
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Fig. 6.1. Hypothetical standard circuit for thke telephcne lire cf CTR

with the frequency divisicn sultiglex.

Key: (1). individual ccoverter. {2). converter cf seccndary grouc.
{3). converter of primary grcug. (4). modulatcr and demcdulatcr in

raidio channel.

Fage 2217.

Taking into account this, MKKE reccmmended [€.3] for the trcgcspheric
lines, usually run ir the almcst iraccessitle ard srarsely pcpulated
areas, of the follcwing amounts cf rower carpacity cf noises at the
cutput of the hypothetical standaré circuit with a length cf 2500 kr

(in telaphone channel, at the pcint cf zerc relative level):

1) the average-minute pscptcsetric gcwer cf ncise must rct

15,000 _
excead 2580 pW during mcre than 20c/o of tire cf any month;

‘ 2) the average-minute pscphometric powver cf noise must nct
|
l
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exceed 63000 pW during mcre than 0.50/0 c¢f tiae cf any month;

wn

3) the unweighted fpcuer of pmcise (with the time of integraticn
8s) can exceed 1,000,0CC g% nct sore thar 0.CEc/c of time cf mcst

unfavoratle mcnth,

It is necessary tc keap in aind that these reccasendaticres
consider only the radic chacnel cf the line; the nocises of eguipament
for frequency divisicn scltigplex are not taker into ccnsideraticn and
rust comprise nct more than 250C gk in ary hcer. The oscillaticns of
cverall line attenuvaticr (cr aamplificaticn) sust not exceed +-0.2 Np.
In 8§8.3 it is shcwn that in the circuit cf lires cf DTR this necrm is
rade. Dﬁrinq the transwissicn cf tinary infcrmaticn in the channel cf
comnunjication of line cf C[15 furdamental charzcteristic is tte
magnitude cf losses c¢f avtterticity. Numerically it is determined by
the vrelaticn of a nusber c¢f dipccrrectly taker rulses for a tctal

number of pulse transmissicns.

Tha calculation cf the line c¢f commupicaticns in depending c¢n
need can it is reduced either tc the determiraticn ¢f such parameters

¢f equipment which on the jiven one to rcute will acccaplish cf the

recommendations of MKKF and MKK1T to the ccmesinicaticn channel cr tc
the determination of such intervals between the adjacent relay

sta*icns in which the eqguipment with the assicned parameters will
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accomplish of these norms. Usually the calculaticn cf line begins
frcm the selecticn of tke eneryy parameters cf equirment (pcwer cf
transmitter, the coefficient cf receiver ncise, asplification and
antenna radiation ratterr), ¢cn the basis cf the technical
cacvabilities cf contemrcrary technclogy and eccncaic consideraticns
cn *the value c¢ fundarertal initial ccstse ¢f line and =2xpenditures c¢n
the operation. Purther is selected the arprcximate length cf secticro,
cn the basis of the peed for the fulfillsent c¢f ncrm to the
reliability of communicaticn, and then they rerfcrm the calculaticn
cf noises in telephcrne ckannel &t the output ¢f cpe secticn ard
entire line, Not all secticcs of line are idertical, since they
depend on specific ccnditicrs (area relief, jcining to the pcpulated
areas, 2*c.). Por the rcre grecisicn determiraticn cf the ncise level
at the output of line ir this case cne stculd find thems cn the output
cf each section, and then summarize. Are usually during the layout
assigned the locations cf tersiral and transit exchanges with the
isolation cf the part {(cr cof all) channels. Tte arrancgement cf
intermediate points is ccnducted cn the tese cf the technical
considerations of the cuarantee c¢f stable and gqualitative
coamunications and cenvenience in the operaticn cf line. In this case

it i3 necessary to keer in pin¢ which level ir ccrresrondent's

direction 1s desiratle tc have cfpered.
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[}9]

Page Zzi.

Clesing the level in all by 16' corresponds tc a tobree hundred
kilometer route tc an increase in effective length ¢f secticr on 30
km. Ccnsequently, pcints cf line it is desiratle to place at the
roints of dominating feature. (Ihis it is checked with the tracing cé¢

the profile c¢f route).

1f the line c¢f comsmstnicaticms does not satisfy the
recompendations cf MKKF because c¢f any secticr, €ither they divigde
by two or place iptermediate pcircts mcre evernly., The more avenly
distributed the secticrs cf liné, the tetter will be ncise

distribu+ion at the cutput cf line.

§6.2, Calculation of tke reliability of line [TF during the

transmission cf telerhcre signals.

As a result of rari¢ and slcw fadings at the seprarate scmen*s cf
time the signal falls telcw any, preassicnad value. Let us accept the
following assumptions: the line cf commuricaticpns, which censists cf
» sections, is ccnsidered cut-cf-ctder, if the pcwer of ncises in the

channel at the output cf line €xceeds 1,C00,C(CC &,

According tc¢ the ncras (see §6.1) this value c¢f noises at the
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Prom formula (6.4) it is avident that sicnal fading at the gecirt
of reception are detersired bty the prcduct cf ragid and slcw fadings.
Since thesa fadings are rct depended !, the integral distribution cf

prcduct will be equal

,-
e
-~

W (x) W’N(—;—\, x 22 6

x5

/

Wm<:<&=§

Ce— g

where to W(x) - the prctatility density c¢f slcw fadings, determined
ty the ncrmal logaritheic law

. .
(i x—r Tyeq?

N .’.:i L i
Vix)=——=——-c . 10.£)
Yoreux

fof)- the probatility density c¢f rapid fadings with the H-fcld
/

diversa reception (sge Chapter «).

POCTNOTE 1, In work [6.4] it is sacvn that as a result cf a large
difference in the gquasi pericds cf fluctuvaticrs the requirement of

independence is nct ccapulscry. ENLFOCTNCTE,

Analytical computaticn acccecrding tc formula (€.5) irrracticatly
already with the single recepticr. Therefcre in [6.5) was rrcduced
the gqraohical integraticn fcr tbe doubled ard quadrurled recepticrs

upcn the dispersion ~f slcw fadipgs o =6dB, ard alsc with the

anadrupled receocticn €fcr ~,=3and 4 AB. Thke results cf nuserical
integraticn are giver in Fig. 6.z, from which it is evident that tte

transition from doubleé tc tte cuadrurled recerticn imprcves rore




,
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than by an order the prctakility ct a drcp ir the signals cf lcower
than the ttkreshcld cf Ct¥. Frce ¢t the curves cf Fig. 6.2 is easy to
find the required excess of tke mecian value c¢f the signal atcve
threshecld 3 ;.

Fage 224.

For axample, for the hypcthetical standard circuit, wtich ccrsists cf
=10 secticns cn 250 k¥ €ach, value (%Lj ==—&%?i-=0.0050/o {2e107S)
alya -

and the required excess with the guadrurle? recegpticn will be Vo, =47

3B (A=50 times).

Thus, it is pcssitle tc reccrd
Peax = Paopd, 6.0
where p,,. - the threshcld value cf the pcwer ¢f signal at the input
cf receiver. It is krcwr that thke threshcld value of signal ten times
exemplarily exceeds the pcwer ¢f the inherent ncise cf the receiver
Poopy < 10P;,, =i0nkTAf,, {6.8)
where the coefficient cf receiver poise; kT=4e1072! W/H2: 3/ - the

noise bandwidth cf receiver.
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Fig. 6.2. Inteqral law cf the distributicn of rover cf signal taking

into acceunt th= rapid &cd slcw fadings.

Key: (1). Total attenuaticn due to the rapid éerd slcw fluctuations
{in 4B relative *c nediar) &, dE. (2). Dcubled recaption. ().
Quadrupled reception. (4). dB. (S). Time durint «hich total

at*tenuaticn exceeds value, indicateéd cn criirzte,
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Usually value A5 t¢ 10-20c/¢ exceeds the passband of circuit cf
UPCh Af, determined frca the ccndition of the undistcrted recerticr
cf ChM signal with the assigred upper mcdulating frequency ard the

deviationt.

FOCTNOT® 1. The value ¢t the recessary rasstard Af fcr multichannel

ChM systems is determired in [€.€). BENDPCCINCTIE.

Substituting in (6.7) values p,, from (6.8) acd P.,. from (6.3), it is

fossible taking into acccunt (6.4) to reccrd fcr the energy pctential

Pﬂ.‘.l G:

= =10kT A fa Ay Ay np A A, 69

After replacing the included in forerula (6.9) values with the
fundamental parameters ¢f equiprent and circuit, we will obtain the

€Xfraessicn

PoxGaaGup _g5.10-12 G & Frmuye Ap A S

6.92)
n Al {cn) ¢ !

This expression makes it pcssible tc select energy the pctential
cf lire on the critericr c¢f the reliatility ct creration. For an
increase in the reliakility cf the work cf line c¢r length ¢f interval
(vith the preservaticn cif reliatility) it is gcssible to utilize one
of the methcds of an ispxcvement in the thresltcld prcperties c¢f Chr

receivers.

Prequently is necessary to sclve the scwewhat different prcetler:

ptns g e
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the enerqgy poctential of equipmert and the lencth cf the secticn cf
line are assigned, necessary detersine will te reliatle telertcne
communication. Por the scluticn cf this rrctlem from (6.9a) cne
shculd determine *he valve c¢f the cbtained reserve cf the median

signal above the threstcld cf tte receiver

2
Pn.l an an ;‘-;“.)

A, =0,1-109 .10

A A fyan bye Ap A

and then ccmpare A, with the value cf the recguired reserve 4,
determined from the cragh ct Fig. €.2 fcor 9£523 the time. If value
4328, then the secticn cf line grovides the assigned reliability of
cperation, but if Ay<A, then secticn does nct pcssess the assigned
reliability and it is necessary either tc charge rcute ¢r to increase
the energy potential cf line, fcr exasple, 2rplying large~size

antennas.

€6.3. Calculaticon of the total gower of noises at the output cf cne

secticn cf line [CTR.

In €hapter 4 are e€xamineéd and subkstantiated the methcds cf
calculation of thermal pcises p  and trarsiert ncises cf
rultiple-pronged origir P at the cutrut of cre secticn of line of
DTR. Lat us examine the calculaticn of the tctal rower ¢f noises in

the channel at the outfut cf cne section cf line of CTR:

P=P,+ Py+ P, 6.11)
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vhere P,,, - a constant value cif the transient interferences, which
appear in the aequipment and thke feeder lines (usvally »,,, sust bpct

excead 10-15¢c/0 c¢f tctal pcn&kr cf ncises at tte cutput cf section).
Page 226.

The probability density cf tke power of slcw changaes in the
thermal noises at the cutgut c¢cf secticm has rcrsally logaritheic law

cf the distributicn

(P —in 7R

w_:“ e = 6.12)

W(Pr)=

since, in the first rlace, tke same law tave the slcv fluctuations of

signal at the input ¢f receiver apd, in the seccerd place, in the

sutthreshcld regicn the roises at the cutput cf the PM discrisinator

are inversely propcrticnal tc signal at the irput of the receiver;
B=—i (6.13)

- the standard deviation cf value |np, The parameters of the law cf

grcbability distributicn fcr the gcwer of therral ncises are such:

the median value
Prwez=¢ T, 6.1

the average/mean value

Pe= P WP)EP, =" T T =P eT, (6.15)
0

the lisparsicn

DIPS =\ P =D W P)IP, =Pluese & —11 (6.16)
v
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Let us find the prcbability density of slcw changes in the pcwer
of transient noises. fcrsula fcr calculating the tranpsient
interferences is derived in €bapter 4 (see 4.%0). The slcwly changing

value is hersa an equivealent radius of Barth ..
Page 227.

It is possibla ¢tc raccrd
Py=——, (6.17)

vhers g, =—C 6.18)

ap - real rtadius of the farth, equal to €37C ko,

g - refractivity gradiert, whiclk is determining the slow fluctuaticns
cf the power of transient interferences. It ic experimentally shown

that g is subordinated tc tte ncrsal law cf distritution [6.9],

,? - the coefficient, Aetersined frcm forwula (4.50) :
248 Fu 2 L
l=—AF_'l 2r APH2R F ) 42 (B) —

Knoving the law of distrituticn g, it is sisple tc find the law of

72
4

distribution p_ .

WP)=—r e e +e =
4
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|
Here T
P,= —’—(1 + i“g)‘. (8.20)

6.21;
38y - the dispersion cf tbe slcw fluctuaticns g. The parameters of law

{6.19) are such:

the mean value

Pa= Pall + 69+ 3¢7], (6.22)
the dispersicn
| D (P} =P8 (8g-+21g*+ 484+ 129, (6.23)
i
wvhers
dy . 2
2 ¢
L+
T g .

Thus, for the determinaticn cf the slcw fluctuaticns of the
‘ total powver of ncises at the cutput of cre secticn it is necessary to
find the lawv of the distributice of sum (6.11), in which distributicn
p. 1s datermined by forsula (6.1Z), P, - by fcrasula (€.19), and P,m -

constantly. In this cace it is recessary tc keeg in sind that slcw
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fluctuations P,, and p,;, aré dependent.
Page 228.

In {6.7) on the tasis ct experisental investications it is shcwn that
the ccrrelaticn coefficient ketween slow cherces in the transient
noises and thermal ncises R-p=0.7. This, apparently it is exglained
ty the fact that alsc cn the fltctuaticn of thke pcwer of thersal
noises is substantial tte effect cf the fluctraticn cf value g.
Taking this into acccurt the parameters cf tlte lav cf tue
distribution of the total pcver cf noises at the output of secticn

will te equal to:

the mean value
P=P.+ Py+Pign. (6.25)

the dispersion
D{Py= D{P:)+D(P:}+ 20V DIP}DIP,). (6.26)

The analytical determipaticr ¢f the form c¢f the law of
distribution P runs intc the insuracuntaltle mathesatical
difficulties., However, ruaerical inteqratior shcws that the olttained
law of distribution withk the errcr, which dces nct exceed 1.5 4B, can
te approximated by ncrwally lcgarithmic distritution with the
rarametars, determined ty forsulas (6.25) ard (€.26):

_ (nP—TR)

Wp)=——e wo {6.27)

V3a P,
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Here the parameter A, which is determinirg the rass value cf

value 1nP, we find *hrcuch tte fcrsaula
[{ 2P

=in|! —=—="
I P

L

. (6.28)

The varameters of the law c¢f distrituticr (6.27) are determined

frcm the fcrmulas, anralcgcous (6.14)-(6.1€).

The laws of the distributicn of the slcw fluctuations of
thermal, transient and tctal noises at +the cutput of cne secticr at
different values o, are c¢iven ir Fig. 6.3, 311 values are caliktrated
relative to the mean pcwer coefticient of thermal ncises. In this

case:

The mean value of the tctal pcwer of noises thtere will te equally

Lomttxr fom (6.29)
P B,
the dispersion
0P VT e —05a V@ —1, (6.30)
wvhera P
= (6.31)
S
_ Vi3i8q 2"~ 43¢ - 12¢%) 29
al_ l"f'GQ'f-&T' o (6. )
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Page 223,
Por the plotting cf curves cf the ncrmally lcgarithmic law cf

distribution it is necessary tc kopcw:

the median power ccefficiert cf the tctal noises

a?
Pua (P +P3) =7

’ F; PT

»

6.33)
the root-mean-square pcwer ccefficient of tctal poises in the
decibels
dv.
9, =4,34%, 5~ (6.3
Adding to the plctted ctrve in each percentage cf time tte
constant value of the pcwer ¢f the ncises cf the rornlinear
transiticns of equipmert, that comgose 1%o/¢c (P.+P,), we obtain the
curves of the law of tte distritution of power cf total noises at tte

cutrut of one section.
€6.4. Calculation of pcwer of ncises at the cutrut ¢f line of DTEk.

The parameters cf equipsent ard line cf I[TF pust be selected sc
that would satisfy tlte requirements, presented in §6.1 with the
sinimum economic expenditures. Fulfilling these requirements - very
complicated technical gprctlem, tbherefore, in particular, is
importantly correct tc distribtute the ccrtriteticn ¢f all elements of
the circuit of line cf [1F to tte noises at tte cutput cf lire. In

Chapter 4 was eoxamined tle selecticn of the crtinsum deviatior of

frequency taking into account tlke sinimizaticr cf the total pcwver of

the therwal and *rancsiert ncises of multiple-grenged crigin.
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6.3, Integral law c¢f the distributicn cf pcwer of thermal (2),

transient (3), tctal (1) noises at the output cf cne section: a) at

the length of secticr ¢é=€25 ks; k) d4=500 ke ard c¢) d4=312.5 ke,

Kay:

(1)« Power of ncises at the cutput cf cre secticn relative tc

the mean power coefficierts c¢f therzal ncises in dB. (2). Eercentage

cf time, during which §s exceeded value, indicated cn the crdinate.

eOliiniinsoltan
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Fage 230,
let us here examine, in the first place, what pcrticn ¢f the gfcwer cf {

noises should te led all elesmerts cf equirmert circuvit and, in *he

seccnd place, ———-———~\\\\

— > let c¢s desicn

the distritution of gcwer cf tcises fcr the crtput cf hypothetical i




o
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standari circuit.,

The transiant ncises, which agpear in the equipmsent and the

feedar lines, are desicred frcm the fcrwrlas and the graphs given,

fcr example, in [6.8) fcr the usual radic reley lines. In this case !

i+ is necessary %to keep in miaod: 1) at each staticn line cf T1R is

conductad demodulaticn; tterefore all staticrs have the mcdens; 2)
the large power cutput cf transsictters dces nct make it pcssiktle tc
satisfy feeder lines with the traveling-wave ratios (KPV) clcse to
KBV of the usual radio relay lines; 3) tte interferences, determined

by the inadequacy of lisiter, can Lte very essential as a result cf

larga parasitic AM, caused pulti-beam character of the signal in tte

rlace of recepticn,

Tha fundamental cecptributicn to the tctal pcwer of noises at thre
cutput of line belcnags urdcuttedly tc therral ncises and trarsient
interferences of multirle-gprcnged origin. In their portion skculd te
carried 8S-900/0 cf all poises, i.e. 21-22.% thcusand p® at the fpcint
cf z2ro relative level, This value can be exceeded nct more than
20c/0 of time, Remainirc c¢f 2.5-4.( thousand % should e teptatively

distributed as fcllows:

1y 1000-1500 pW (abcut 4Co,s0) led tbe ncises, caused bty

raflactions in the feader circuits;
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2) 4(0C-B00 ¢W (15-4Cos0) - the elements cf group circuit and the

scders;

3) A0C-1000 pW (2(-25c,0) - tc the interferences, detersined ty

the inadequacy of the lisiter; éana
4) SEC-800 gW (~2Ccyc) - tc elements cf VCh circuit.

Let us find the distributicn cf the tctal pcwer c¢f thersal
noises and ncises of the ncnlinear ¢transiticrs c¢f nmultiple-pronged
crigin at the cutput cf line cf [TE. Let the lire have s secticns
{fcr tha hypothetical stendaré circuit ®=8-1C). Then the tctal pcwer

¢cf the noises

P.=N p =Np -Np, ~Np . (6.35)
- -

A—
=1 i=t

The distribution P. can be fcund with the aid cf its expansion
in a series in the orthcpcrmalized functicns with weight Wy (u), whict

are the standard law cf the distritution:

'»V\U)=W°(u)[60po(u)—:-Ckp,'(u)-f—. N (6.36)
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Tice ZI31.

Hera
2. _ 7.
Ko e - the standardized value;
2 b o{e:} A

c,‘:v dpe =2
ad =

K=t 2

1

u: - central distrituticos which can te deterrined thrcugh the

central nmoments cf the districuticn of ocwer cf the total noises cf

cne section, since changeés in tite power ¢f rcises ip the sections of

line cf DTR are not correlated;

pn=:S¢g,u‘— orthenecrralized pclyncaials cf thre n degree;

x=(

e SIS e P g i TS,

d,x - coefficients, detersined with crthcnormal of the systen

cf exponential functions (1, u, v2, u3l, ...).

In our case is mcre exgpedient tc accert fcr the standard law cf

dAistributicn normally lcgarithmic law with stardard deviatior

X‘:!n[££i¥—-+ll:
Py

(ln [u V N l; +:_,"’):
W, () = e ! e 7.3 . (6.37)
) YoV e —111]

i .
Pcr lov rms values 5, and laige nurler cf sections for the

standard law cf distritcvticn it is better *tc take ncrmal, The made

]

calculaticns showed that the nes law c¢f distribution apgroaches
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standard with accuracy £0.0Zc/c. Then at the cutput of line tke pcwer
cf the total noises c¢f IMET [Institute cf PFetallurgy im. A, A.

Baykov] *he integral law cf the distributicn cf the fors

Here p» - power c¢f ncises, exceedei in tte assigned percentage
cf +*ime. The laws of tlte distrituticn of pcwer cf ncises fcr the
hypothetical standaré circuit with a length cf 2500 km, calilrated
relative to the mean pcwer of thersal noises at the cutput of one

secticn, are given inr Fic. 6.4.

:
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Pig. 6.4. Integral law cf the distributicn cf pcwer of noises at the

ocoutput of line of DTR.

Key: (1) . Power of ncises at the cutput -f hyrcthetical standard
circuit (2500 km) relative tc thke mean pcwer ccefficient of the
thermal noises of one secticnp (in dB). (). Eercentage of tinwme,

during which is exceeded value ipndicated cn crdinate.

fage 232.

Curve 1 corresponds to € secticns cn 312.% k® each .5,=5dB), curve
Z-S to sections cn 5C0 k& (g,=+CE) and curve 3-4 to secticns cn 62%
km  (on/=25 4dB). On of the curves of Pig. 6.4 it is fpossible tc
deternine the excess ¢t the pcwer c¢f total ncises in telephcne

charnel at the outgut cf the bypcthetical stardard circuit atcve the
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mean value of thermal ncises at the output cf cne section of line,
which corresponds to the calitrated by MEKE rercentaqes of tise and
(200/0 and 0.50/0). 1In tlkis case tke mean pcwer cf thermal ncises at
the output of one secticr must Le designed acccrding to formula
{4.13). virtually, a=s has alreaéy keen sgcken akcve, the secticns cf
line were ncnidentical, and tkerefcre mcre accrrately the cutrut
tower of ncises can te detersined Ly its additicn in the ipdividual

sections.

§6,5. Calculation of the lcss cf authenticity and reliakility during
the transmission of tirary informaticn alcng telerhcne channel of

linpe DTR.

The transaission ¢f digital informaticr 2lcng telerhcne channels
is conducted with *the ai¢ of the seccrdary svltiprlexing of channels
ty telegraph signals. ¥F¢r this are utilized the sgpecial
data-transmission systems. The cperating prirciple ¢f such systems is
based on the different sxetkcds ¢f keying the digital pulses. In this
case most frequently are utilized as most stielded frcm ncise, the
frequency shift keyirg ard tle phase-differerce manigpulatican cf
different sultiplicity (rredcasinantly one- ard twcfcld). Calculatice
methods examinad balcw are set forth in connecticn with these methcds

cf AdAata transwmissicn.
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During the transmissico cf digital infcrrxation along telephone
channel with ChM the shcrt detraticn fallures c¢f pulses under the
action of thermal noises in the channel ccccr when signal at the
ingut of receiver falls telcw the threshcld c¢f imprcvement of Cha.
Ther2fore during the aralysis of the loss cf authenticity necessary
the account of threstold. Thkis sears that it is necessary to hava the
analytical expression cf the dependence c¢f signal-toc-noise ratio at
the output of the PM discriminator in chennel n,ux or the
signal-to-noise ratic et tke input cf ChM-rece¢iver .. This degrendence
is obtainad in [6.13], Ltut there its reccrdin¢ is given in the feore
cf formula for the pcvwer cf ncise in telephcre channel at the ocutput

of the PM discripinatcr.
Fage 233.

Rere "threshold™ dependence ° .. is given takirg intc account the fact

that by telaphcne chanrel are traosmitted the digital gpulses cf the

assijned level:

fo = -\fz;@ ‘Pauxx'bnp':'-"
Tax »
ol
- -—
Af:y‘:"l—AFK[I,SSe-nM+2(L),<L"_e—nu) e sty ]
Al Rax

(6.39)
vhere Afy -~ affective deviaticn cf trequency tc the channel, )\, = -
vidth of tand of eneargy rcise sgectrum at the input cf receiver, AF, -

width of tand of telerhcte chanpel, p. - the level cf useful sigral

ERCE 8PN
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in the chanmnel, 5, - tte coefficient cf gredistcrticns in the

channel.

Calcula*icn is carried out on the assuspticn that the
infcrmation ty the charrel is trapsmitted by the frequency cr twcfcld
Fhase~difference manipulaticn (this, however, it does not decrease

the genarality of the calculaticn methed).

Por these cases wcrk [6.,10] gives the degendence cf the

grobability cf the errcr can the signal-tc-ncise ratic in the channel
T awx

Poar (Mo = % e ? . {6.40)

The ccrresponding relaticoship fcr sincle FRM takes the fcro

Poa(fy) = &

Utilizing fecrmula (6.39), it is possitle tc reccrd (6.4C) in the

mr (6.40a)

forn
I
Poa (nyx) = ry exp X
X ~L Afzaopnuxxb;-,p‘l'r
2 [ —(i&\f ‘ [
T fax __a Fey? Skl 1__._3_”“_ ! |
A,.VnAF‘ 1'85e . -(A,l) ¢ Max ¢ )J
i6.41)

! ’ Taking into acccurt the rapid Rayleigh fadings and dispersed
reception with +he optisca M~-fold additicn tte density cf
| distribution cf *ha prctabilities cf value n,; is calculated frcm the

forrula
n )

! - B

! N—-1 Ay

. Tax  ® 2 4N
o _—nr 6.42

“pN (nll) (N _ 1)1 ‘1;‘;[ ' ( )
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vhere ng - mean (on the rapid fadirgs) signal-tc-noise ratio at the
input ¢f cne receiver. Let us find mean value 2,;7,; taking intc

acccunt distribution (€.u8):

—_— 1 it .
PomN = Tas exp )<
ol—L A £y Pas x Onp 20 |
. 2. (FK ): ()(
ARYTA FK[I,SSe""Ix +2 (i). e th (l—- e-n“._e—“u\-.h
- fgx ‘/-“
N—I n.x
yx ¢ dagy
X TP (6.43)

Page 234,

Fer quadrupled recepticn, 8¢st widely us€ed cn the lines LTR, we

cttain
1 ~
Pou= jeXPX
i2n)
0
. I' | Af§¢P5s‘xbnp::‘
\|——2" FK 2 X
\ [ Fo _(Ar) | —e™"
ARV IAF ‘.,éSe—n"-—'l( L e s ( —e—n"‘)
‘\ h¥ * Afg) Rax
-z
Kade ™ dng,. (6.44)

Expression ({6,44) can Le supbstantially sisplified. For this let
us note *he follcwing. Ir (6.44) titere is *he exrressicn for the
€nergy noise spectrum in the channel at the cutgut cf the FN

discriainator

()
AL U B R "( R, o) 1= *-n"—e‘"“\
Al ) - T - \ e /

(6.45)
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Pormula (6.45) is scre fprecisely fcrmulating expression for

—.___Hi‘:*;_; .cbtained in [€.13], and it is derived in [6.15). Pirst, frce

{6.45) it follows that in the regicn cf the sicralyncise ratic n<1¢

*he f£irst term much more than the second, This ctservation is correct

F
with occurring on the real lines cf ratic Af & . In the seccnd
(§ ]

rlace, it is known that cn the lines cf CTR with the work cf higher
than the threshcld of Ch¥ (2>10) the sigral-tc-ncise ratic .« in tte
channels is very great, and the probability ct error is negligibly

small. Therefore virtually aleays in fcrwula (6.45) the second term

can be disregarded, i.e.
G(F“) -~ 1 K5 3x o
IV (6.46)

In the third, fcraula (6.44) valne P, ... is alsc functicr nu In
[6.11] it is shown that
PassxiMs) = Pyug eyt | — 7% (6.47)

where P, cun, - transmitted lavel of useful signal.

Let us further note that fcr the low values c¢f the lgsses of

authanticity, usually recessacy for the satistactcry quality cf the

transaissicn of tinary irfcrsaticr (P,u<<107%), is made the follcwing

equality:

=1 (6.48;
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Fage 235.

The error in this simplification dces rc¢t exceed 30-40o/c. This
value 0f error can be ccnsidered ccmpletely acceptatle, since the
calculation of *he lcss ¢f autneénticity is vtilized telow during the

analysis of the reliability ¢f the transsissicn cf digital

informaticn along the trcpcspheric channel, Ir this case it is showun
that the computation cf reliatility is ccnnected with the

detarminaticn of certainp value ¢f value r, whick with the errcr in

calculation of +he lcss ¢f acvtnenticity, equal tc U40c/c is estimated

with the error in all ¢f 1Ccso. This accuracy is cosmensurated with

the accuracy of the experimental estimate cf t,.

G (F)
2 IYN7ES
frem (6.47) and after ccosiderirg (6.48), we will okttain

After subs+titutinc in (6.44) value froe (6.46) and Paur-

}—)-‘;n — ! fup [____L r (1 —_ e—ﬂu}’ eﬂu} n:‘ dn,,, (649)
1203 ¢ 2

wvhera , e Af;, Paaxx nep brp 27 6 50
AhVYxAF 18 &%)

Let us note that exrressicn (€.49) is furcticn ny;: therefore

with given one P, it is fpossitle tc determine the aprrofpriate value
cf ny according to the fcraula:
|

| =1/, {8.51)
V 7.

A e —
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whera

10) = [exp| —

0|

P(l—e™") en]na dn. 6.52)

ot 8

Taking into acccurt relaticnship (6.40a), we £ind that single
FRM ny is found frem tle equality:
=]‘/ fen (6.51a)
12 Poa
Pig. 6.5 depicts tke curve cf values I(ry.cttained as a result

of numerical integqraticr.

Let us calculate fcr an exaample frecwm fcrwulas (6.57) and (6.5 1a)
value n, when P, =10"%; if,, =160 KkH2: P@,.u;=c.135 EWS bap =2.%% AL VR
=7.5 MHz: sF, =3.1 kHz. Ip this case we obttain r=0.46. We resgectively
£ind that I(0.46)=5 and I(C.92)=1.5. Hence with I(0.46) we ckttain

Na=12 and with I(C.92)=1.5 have nqa=10.
Page 236,

Let us use the ncw presented method of calculaticn of the lcsses
cf authaenticity to tte aralysis cf the reliatility cf the
transnission of digital infcraaticn along the trcrospheric channel.
Let us define reliability as prcratility that with the work during

the performance c¢f duraticn t the transmissicr will te realized with
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the loss of authenticity, nct wcrse than assigned magnitude P, ., Lot
us note that the mean cn the rapid fadings sigral-tc-ncise ratio at
the output of receiver r. slcsly fades accerding to the normally
logarithmic law and is staticnary fprocess. Listritutica W(y) cf

rrccess y is written ir the fcras:

Win= —=—e 7, 16.33)
wvhere
y=10lgDxes (6.54)

o

iawes - the median value rg, cennected witt by €craula (6.15), o -

standard deviaticn of value y.

Por assigned magnitcude 7 _,,. according tc fcrsula (6.51) it is
necessary to calculate sfgrcpriate value 7w Then in ocur
detersinaticn reliability prceves tc te egual tc the prcbability cf
the fact that with the pericrzance of the werk cf duraticn t is

fulfilled the inequality

My > Mo kpur (6.53)
accord g 4o (€.%4)
Y < Ypur = 101g 7202 (6.56)
9 kpuv

Thus, the deterairaticr cf reliability can te reduced t¢ the !
rrcblea atout the overshccts c¢f stationary rardcr prccess. Ir this
case the reliability will be eqral to the rrctability of the fact
that during the transmiseicn cf infcrmaticn during the perforsance cf

duraticn ¢t +he staticnary prccess y will nct tave overstcots fcr
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us
level i Tt will interestathe soluticn fcr cne special case, when
cvershoots for this level are tte rare ard inéerendent events. In

work [6.12] it is giver the scluticn for this case.
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Fig. 6.5. Value of inte.ral.

r)\“exp[ —= Kl—e-"ax )’ e“axj X

“~
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In this case it is ncted that tlte cvershccts can be considered rare
and indepandent variables, if an average nuskter cf cavershccts for
time t is sufficiently s1all (tkis is equivalent sc that the
reliability is close t¢ 1). Pcr the interesting case the

protability of the atsence c¢f overshocts is cdetermined frce fcrrula

(6.16]

P=exp| — o ) =212 .

P23

vhera R (r) ~ the correlaticr furction ¢f gprccess cf y, R"™ (v) -

second lerivative y,

On the tasis cf axperisertal investigaticns it




DOC = 30025113 EAGE 50?/

is cbtained that the autccorrelaticn functice cf slcv fluctuations

can he approximated ty the fcllcwing expressicrn:

<

1 T » 2t . 24 . 23]
RE)=—e ®lcos 23% ¢ sin=2l ] -
3 1 T T2aa0 T W)
2 - 2: 24 . 2: P
+2 e feos 23T L 2 g 2aT] (6.23)
3 24 2 24

Pij. 6.6 gives experisental (z) and apprrexisating (1) curves.,

Aftar substituting R(r) and its seccnd derivative intc¢ formula

(6.97), we will obtain that fcr cne section thte reliatility is equal

to

2
{ _ “xpur ‘ .
2t P
Pi=exp {—0,132¢ I (6.39)
For mn sactions
J. _ Vipur );
P,=exp|—~0,13tme = |, 13.8%)

since slow signal fading¢ in the ad;acent secticrs cf RRL are

indepandent,
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Let us produce nos acccrding to forsula (6.57) the calculaticn
cf reliability during the tragssission cf irfcrmaticn with the lcss
cf authenticity nct mcre than 1¢C"¢, duricg the perfcrmance cf the
duration of 11 h when nageer=i? and twowe=i0 tobktained under conditicns cf
tha preceding axample) cr the section of line DTF. It is assumed that

the median value cf sicral-te¢-pncise ratic -...,=:30 and =6 dB. We find

that with Raonr = |2, Ywour =185 8B with Turar=10, unpnr =20 de. Acccrding tc formula i
b

| 3
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(6.65) we obtain when ngpe:=!2 P,=099 and wheén ‘agu.=., 2 =05%4

FEFERENCES

treAladud 357

3

Qb vleRatt 1) Teopau wcTem <asdd. [10a pex. E. I Barzaia. [Tepesox ¢
T
3

Maps,
n3 AL C o Heswaaoacxd it K opaciery vCToRMHBOCTH MHOrQIYYE3mX KaKa10d
< VeeTuM SBICTDHIN I MelleddkiX davupadiid. CO. rpyzos HHEP, awn. [ (29), i963.

36. C. 8B Boooaini O #ed0Xx01AMON 10.40Ce NPONYCKIHUR 3EIIOKOSICTOTHOID
[SORER! 2T0Ad503bAbIN FIliDpenefabix CicTeM, 2aextpocaniss, 1562, Ne 7.
0T A C H2wu 238 eKilil. JRCRePAMEHTAIbIHOE  QAipelsietHe  KoDPeIAWLH
TPl s RN TOTIosBIX M epeXOlHwX [0MEN HA TPOoRdcreDRmix JHHHAX
e3aesv caasbe. Nv 5, 1504

58 il A Tycaruwexah, E B Pumkos, A. C. Hemupoacxui Pa-
240peaeftane Siing 1985 «Cadlbs, 1063

H0CHepHIe  pACTIpOCTIadedde YX3> 03
Hes, L963.
H43Daoi HAPCPuARK 2 R3HAIIN < Da-

i@ NQTOIB Tedpii SaySafidbix Pydruit.

ACPI7080M ypodde UM apiteManad «DaeRTPUCsALS,

S0 TP CalTeM 0BAdE 703 fed. E. O, Dardazn. «Msgps, 1954,
FAR A K o2eapdty 0 noporasost yposide YM apuemsiuxa (3 Je-

4.0 MIr01 pJCieTa IOTEPH IOCTOBEPHICTH APH Mepesane
) K2da3aM TPORuCPEPHbIX PaiHODeIeilHX AHHHIL «DaeK-

=) -

W EpIBN AGY
Izeoanibe, N 3 1035




DOC = 80025114 EAGE 505

Fage 239.

Chapter 7.

Prospects for the develcgment of tropospheric radio relay lines.
§7.1. Introduction.

The first tropospheric radio relay line wvas cecnstructed in the
USA into 1955 and operated in tte range c¢f the fregquencies of 50C0-7C0
MHz with the distance tetvween the adjacent staticns approximately :z°5¢C
km. During the subsequert years was outlined the transiticn tc the
eore high fraquencies {tc SCGC-€0CC MBz) . The range ¢f commuricaticr
as a result of the larger attenuation during the radiowave
fropagation in this case decreases; hcwever, grcus the capacity of
cormunicating system and decrease the distorticns of the transaitted
infcrmation. For the ircrease tite reliakbjlity tegan tc utilize the
quadrupled reception witt the spaca and frequency diversities, and
also reception of higher sultiplicity with the angular diversity.

Appeared the amobile systeas of silitary radic ccesunicaticn. Is
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conducted intense work cn the use cf lines [CTF for the communicaticn
cf Barth-aircraft and Fartn- ship. The develcpgment cf radic
engineering and electrcnics allowed in recent years tc censtruct ttre
line of tropospheric ccasunicaticos at frequercies ¢f 500-10CC MHz,
with the distance betveen the adjacent staticons tc 800, ard in the
separate ones, the favcrable cnes acccrding tc the ccnditions for
radiowave propagation the cases, and to 100C kmx. For this it was
necessary to create radic transsitting equipamsent in pcwer tc 100 kW,
antenna systems whose area apprcaches 2000 sqrare meters receivers
with nocise temperature cf 7(0=-15C9K and special devices shich improve
threshold properties Cha. Usually width cf tard cf the transmitted
signals on the lines cf byperdistant trogposrheric prcpagation (STIR)
does not exceed 100-20C MHz., This rakes it pcssible tc transmit Lty

them 12-24 telephone channels.

Further possible asgect of the use ¢f lines STR is compiling the
single-channel lines cf cklast ccamsunication service with the lcw
energy parameters. Calculaticns shov that such lines can ke very

econoamical.
Page 240.

Together with an increase in the length cf the secticns c¢f line

the development of the ccmsuricating systems, which use DTR, fcllcws
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the path c¢f expanding the band c¢f the transamitted signals. Ttis is
achiaved, in particular, by the use of the carrcw-bear antennas;
although increases in the energy parameters cf equirsent Larely
cccurs, since grow the lcsses cf artenna gain, the narrow team cf
electromagnetic energy provides ssall time lags between the separate
components of the multiple-frcnged signal in the place cf recegticr
and, because of this, ssall distortions. The expansicn of
transmission band made it possitle to transasit alcng the lines DIR
the TY signals along withk scpic tracking. There are regcrts aktout the
use on the lines DTR of imgulse coding mcdulaticn. Fcr expanding the
band of frequencies and cecrease of distcrticrs during the use of
remote tropospheric prcpagatica c¢f VHP find a use the newvest methods
‘of fight with the multi-teas character by the sethcd cf vusinc the

signals with the wide tasetl.

FOCTNOTE !. By signals with the wide base cr the cosposite signals
are called such signals which have the rroduct cf the frequercy band

to the duration of one ftaud suchb acre than 1. ENDFOCINOTE.
§7.2. Hyperdistant tropcsgheric radio relay lines,
The studies of the prcpagation of the vaves of decimeter range

showed the possibility cf an increase in the distance betwveer the

relay stations of trcpcspheric lines to £00-1C0C km. In this case the
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space of scattering is lccated in the stratcsthere. The mechanisa of
radiowave propagation uf to such distances is still insufficiently
studied; howvwever, experisents shcwed that amplitude distributicn cft
signal with the rapid tadings also obeys the law cf rayleigh, the
distribution of signal with tne slcvw fadings is subcrdinated tc
norasally logarithamic law; bcwever, the disgersicn of distribution
decreases to 2-2.5 dB. 1his seans that the rarge cf the slcow
fluctuations of signal is considerably less tkan on the usual lines
CTR; seasonal baebavicr ct attenuvaticn factor alsc is ccnsiderably
less than on the usual lines DTB. It turned cut that the routes,
vhich pass above sea, are ccnsiderahly better accerding tc
propagation conditions tian the rcute of the same length above the
dry land (signal is hicker by 16-2C¢ dB). Lines S1R approach in the
distance betvween the adjacent sections lines cf icncsgheric
scattering; however, as a result cf the consideratly larger
brcad-band character a chacnel-kilcmeter of line ¢f hyrerdistant
tropospheric propagation ccsts approximately 1C times less tkan ¢n

the lines of ionospheric scatteéricge.

Calculations for ttke lines STE show that with the relialkility cf
comgmunication, equal tc 89.950/¢c, it is possikle to ottain the pcwer
¢f noises in the channel, whica dces not emerge reycnd the limits cf

the norns of MKRKR (witt the tse c¢f comparders, which give 8-1C 4B of

gain in the average-minute fowver of noises ir telepkcne channel
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(7.11 2.

FOOTINOTE 2, Companders are switched on in the U-wire circuit cf

telephone channel and corsist ¢f the comgresscrs, which lower the
dynamic range of signal ty the tractsmission, and the expanders, which

restore it at the recerpticn. ENDFCCINOTE.

Fage 241,

Further increase in the reliatility of line can be cbtained Ly the
use of tracking in the frequency. The experisments, descrited in
(7.21, [7.3], showed ttat with the scanoing withir the tand cft
frequencies of 150 NHz always can te found the frequency cn ehich
rath loss will bte minisus. Mcrecver this ortisus frequency sszcothly
is moved within the rance 15( MHz, without leaving it. Line STR must
have fcr the tracking a feedkack icop, according to which tc the
transmitting lead is supplied tte informaticr atcut the state of
circuit. In accordance with this informaticn, the frequency of
transaitter smoothly chapges, remaining alvays at the asaximus cf the
transmissicn factor cf tte trcpcsphere. Receiver cortinucusly is
adjusted slightly. Gain trca the use cf this system of tracking is
equal to 9-10 dB. However, its use is hinderec¢ ty tbe need cf usirc

the'vety broad band.
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An increase in the tize lag Letween the compcnents of
multiple~pronged signal witk STEK sbarply increases zultiplicative
interferences and, therefore, besides detericraticn in povwer
engineering of recepticn is caused an increase in the transient
interferences with multichannel telephony. LCuring the transmissicn cf
digital information theé ®"menmcry® cf chanpel limits the speed cf
transmission, since apgear the 1ntersyambclic distcrticmns. Hcwever,
the capacity of aultigple-gronged channel falls insignificantly (to
17¢cs0); moreover, it canm Le restored by the cptimum methods cf the
transaissicn of informaticn. All existing metkcds of fight with the
sultiplicative interference can te, in the principle, they are

divided into the fcllcwirg grcugs:

1. The method of accusulatvicn, with which are fcrmed several
spears of the r«ceived signal, differently affected ty multiplicative

interference. These ccpi€s are ccaktined.

2. Method of adaptive reception by which is made ccntinucus cr
periodic seasurement of characteristics cf sedius of prcpagation.
data of these measuresents are utilized for cptimization of tthe
selection of signals ir the trarsaission by a method of using of
informational feedback and optisua prccessing c¢f signals at the

reception.
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3. Method of using ¢f amending codes and feedback after

solutions (postdecisior fe<¢dkack).

The use of one cr the cther asethcd is determined, ¢n one hand,
by the characteristics c¢f the ccamunication channel, and ancther - by
the transmitted informaticn and Lty the peramissitle distortions. On
multichannel tropospheric KL widest use fcurd the first methed, in
detail described in chapter 2. Let us examine here cther pcssible
sethods in connection witn tbe chaonel of hyperdistant trogpostgheric

rropagation.

Let us recall that the amultiple-pronged coasmunication channel
can b. represented linear tilter with the variatle fparameters, ascrg
wvhich necessary for further exasinaticn they are; maximum time jitter
cf delay =, (width cf the muiti-team character or the "memory" of

"channel), the Doppler exgansicn cf spectrum /, (rate of fading).
Fage 242,

These parameters are statistical, X canp serve as the measure fcr

the correlation of sigral fadinc at the fixed mcament c¢f time t, at
the different frequencies, and —%r - by seasure for the correlaticn

cf signal fading in the tiame at the fixeé frecuency. Froduct /; fcr

the channel DTR mruch less ttac 1.
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During the transmission of digital infcrsaticn instead ct the

pethods of diversity, rresented in chapter 2, are applied the

pethods, based on the pcssikility ¢f the segaraticn ¢f the teams in
the place of recepticn. It shculd be noted that the representation of
received signal in the fcrm of the final suwm ¢f teams with amglitudes
of (/, by phases ¢, ar¢ by delays «, will ccsprletely agree sith the
thysical nature of progagatican cnly on the shert waves. In the
channel DIR it is not represented possible tc isclate one pcwerful
team; however, nevertheless the rerresentaticr cf signal in the form

cf the final sum ¢f rkears is competent. If, fcr example, the tand cf

transaitted signal )/, can te represented the superpositicn cf ftears

F faccecrding tc

with the delays relative tc eack cther, egual tc.q

Kotelnikov) ; then a nuater cf divided beams is equal to It A

Utilizing signals with the wide base and correlation recepticn or

racaption to the matchec filter, it is pcssiktle tc divide teass in
the time of arrival. Ir taois case the tise lag in each beanm will

considerably less 1, and, ccnsequently decrease sigmal distcrticn

and multiplicative interferences. Ir this cacse in depending cn the
methods of reception is possiktle qeither the isclaticn of one

strongest beasm or the use cf several beaws ty a sethcd ¢f cotlerent

reception and additicn c¢f all Leass on tte tasis cf the voltage.
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The separability ct ceass is connected wvith the gresence in of
widebase signal of the very rapidly dropred avtccorrelaticn functicre.
If the width of the peak of the autoccrrelaticn function of the
specially designed sigpral is louer than the 2inimun time lag tetween
the beams and if any methcd at the point cf recepticn was determined
most strong beam (or tte grcup ¢f Leams), ther sisple autocorrelaticn
receiver will suppress all reaaining beass bcth advancing and
delaying, in accordance with the values c¢f autcccrrelation furcticr

for the time, equal tc cdelay factcr of ttese teass.

The isolation of tte mcst pcwerful teas, and alsc all cthers,
can be realized by a methcd cf the synchrcnizaticn ¢f local signals
bty each cf the beams. After the separaticn cf beams it is possikle tc
utilize entire energy, after forsing thes. Main disadvantages in such
systems are the consideratle cospiicatior of receiving equipment and

the expansion of the cccrgied freguency Ltand.
Page 243,

According tc the method of the recepticn cf signals with the
vide base are distincuisted ccrrelaticn recegpticn with the aid of
sultichannel correlator with the delay line with outlets [7.4 [7.5°
and reception to matched filters [7.6]). In the first case as the

reference broadtand sicpal is utilized a binary pseudorandce sequernce
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cf the type of a M-sequence witk the subsequert filtraticn. Is

fossible the use alsc cf other pseudorandom sequences (multirbase
codes of Prank, etc.). 1teir furdasental prcperties - uniforsity of

the spectrum in the brcad tand, distinct maxizup cf autocorrelaticr

function and small peak tactcr. Transiticn tc a M-pcsition ccding
nakes it possible in the sase tand to increase the speed cf
transaission to log,M tises im ccsparisor with the Etipary coding. In
this case the equipment teccames ccaplicated (~~M cnce). As the
reference signals can Lte used different M-sequences, and alsc
sultifrequency and multiphase sanigulaticns. Fecr the transeission cf
analog information can te used relatively narrcw-band frequency
sodulation [7.7]. With this Cb¥ signal in the transwsission ( then at
the reception) it is mcltiplied with the reference pseudorandcnm
signal. However, transszissicn with the aid ¢f KIM and A~ modulaticn

is considered as the mcre effective [7.8] [7.€].

As a serious probles is considered synchrcnizaticn both clock
and intraktaud. Although trcacktand signals thegselves pcssess the gocd
tise resolution, the realizaticr of these prcrerties for the
resoluticon of aulti~-teams character requires tlte ccrresponding tc
accuracy synchronizaticn. There are also great difficulties during
the actual realizaticn cf the brcadéband line ¢f delay and search

cirtcuit with the netting.
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With the reception to the satched filters usually is utilized
intra-pulse linear frequency sodulaticn, fcr exasple, with the aid c¢
the dispersive ultrasonic delay lipe. UOtilizirg linear ChM with the
cpposite slope, it is pcssitle tc transmit tirary signals. 3t the

reception the ratched filter is acalogcus tc trarsmission delay line.

Systems with widetase signals solve multi-team character c¢n tthre
base of the analysis of the fpuise reacticn cf the ccarunicaticn
channel, i.e., is utilized tie equivalent mcdel of channel, tased cn
the selective values of its pulse reacticn. Hcvever, it is pessitle
to utilize the equivalert mcdel of channel, tased cn the selective
values of the transfer fuvncticn ¢f the channel (in that case it is
convenient to speak not abcut the multi-bear character, but akout the
selective fadings). Forzing in the transsissicn the sultifrequency
signal, comprised of tle cuts cf sinuscids, ard measuring at the
reception of amplitude atd phase cf these frequencies, and then
coherently storing them, ve will cktain the crtimum systes, wlich
generates at the receptics adaptaticn or meascresent and acccunt of
cbjective parameters. Pcr characteristic measurement of the circuit
cf propagation can be utilized either special siqgnals, as fcr
instance, in the systes with test julse {7.10, cr informaticrcal

signals. As the test pulse it is ccnvenient ¢tc utilize a pulse witt

IFR [7.11].
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Fage 244,

As a whcle optimus receiver rates the state of channal ard
optimizes its characteristics (reference sigrals). This ootizizaticn
gossible to produce not ¢nly at receiving end, but alsc on that
transmitting, utilizing a return dauct. Cr many lires cf
communications to organrize sisilar channel is simple. Analyzing the
received signal, it is pcssible, fcr exasple, it is sisple to change

the power cf transmitter intc tke cycle with the fading.

Above has already Lkeen indicated that in the feedback,
periodically by investigatin¢ large freguency band and by selecting
cptimum transmitting frequency, it is possitle tc ottain consideratle
gain. This gain depends cb the tand, occupied by infcrmaticnal
signal, apd on the accuracy cf the resoluticn cf the signal cf
sounding in the frequency. This aethod is equivalent to diversity in
the frequency with the autcaatic selecticn; hcwever, the crder of
diversity is defined by Lkcth the icterval of correlation Lty frequency
and by accuracy cf rescluticn or bty number cf the frequencies teinc
investigated in the wmeasurinog signal (cne skcrvld, true, ncte that
during the automatic selecticn with an increacse in the crder cf
diversity the gain increases slcwly, and furtterscre, with ar

increase in the tand ct infcrzaticral cosmunicaticn gain frcs the

vork at the optimum frequency rapidly falls). fundamental difficulty
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- to ensure sweeping ttis large frequency band. In the secticns STR
vith the large time lac ¢t teams ., protably, it will frcve to te
sufficiant to investigate tte cosaunication channel in the tand cf
frequencies of 20 MHz. In this case is pcssitle the simultanecus
transmission of measuring and ipfcrmatioral signals, moreover for *“he
transmissicn of informaticn it is possible tc utilize analcgcts
rethods of amodulation, tcr exaagple, frequency, and as the reference
noise-like signal with thke upifcrm spectrum ir the band 2C Xiz
[7.12]. In the process cf #orkx at receiving erd at cf prccessing
seasuring signal is evaluated the state cf chanpel in entire range
and is selected the cptisuam frequency whcse value is coded and is
transmitted by the charnel of feediack. In thke princigle, tte
resolution of measuripnc signal can be made very large; however, the
gain of this methcd whclly degends on the statistical properties of

channel STR.

In the systeas bty the return duct of ccasunicaticns it is
rossible to change not ccoly the frequency cf transsitter, but also
deviation (in the case ChM), onusker of chantels, rover of transmitter
or everything simultanecusly. Fupndamental peculiarity - possitility
cf the transmission of apalcg informatior, in contrast to the

previous systems, which transsit cnly dicital inforsaticn.

Use of discreteness and guantizaticr of analcg informaticn,
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i.e., transition and tc digyital information, gives the possitility tc
satch the speed cf trarssissico cf inforwmaticr with the passtand of
circuit during the use cf usuai parrov-band methcds cf modulaticn.
This is possible, for example, Ly the methcd ¢f splitting of chapnel
with the high rate tc t cf parallel chanrels (with their diversity in
the time and the frequency) with the speed cf transmission, tc n cf

times of less. Are possilkle use and multipcsiticr ccdings.
Page 245,

To promisingly utilize multicaacnel system where in the sut-channels
are utilized the multipcsitaicn ccdes. In this case the equipsent
fossessas large flexibility, since under the fccr conditions for
proragaticn it is easy tc increase the order c¢f the diverse recepticn

due to a decrease in the velccity c¢f tratsmissicec [7.13].

Work on the intrcductica cf the enuserated akove methcds cf
fight wvith the sulti-keas character intc the fractice of lines STR is
very intemsely ccnducted Loth tc tte USSR ard atrcad.

£€7.3. Transsission of TV signals along the lines DTR.

Energy calculations show that the trancssissicn of the signals of

television is possible up to the distance tetveen the adjacent




e
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stations 200-240 km withk the anteppas with amplification G, =50 by
dB, on the power of trapssitter 7,; =3-1C kW anrd to the noise
tenperature of receiver c¢f 30(C-4009%. First exreriments in tte
transaissicn of televisicn cn the tropospheric radic channel were
conducted in 1953-1955. HBowvever, the operatirg television lires DTE
to 1966 it is counted ucpit, and they all are lccated in the areas c¥¢
gocd conditions for radicwave prcpagation (altcve sea and in the areas
with the warm, humid clisate). This, apparently, it is explained ty
the difficulties, whict appear as a result cf transaitter distortions
cf television along the spltiple-pronged chanrel. The presence cf
rarid and slow fadings leads with ChM to changes in the noise level
in the television chanpel. T1te use of the diverse reception and the
bigh energy potential ct televisico lines D1F ccnsiderably decrease
the effect of fadings cop the imsage. The sultifple-frcnged structure cf
signal leads to the distcrticns of the fcrm c¢f TV signal. Here shculd
be distinguished, in ttke first place, the distcrtions of the signals
of the synchronizaticns, which call the disrupticons cf
synchronization in the rcus (but sometimes alsc cn the frames). PFcr
dealing with this phenciencr sust te used sgecial equipment fcr the
regeneraticn of the sigrals ¢t synchronizatice, which; a) restores
the timing pulses, which are cnanged in the value and which tave
distortad front: b) restcres the extinguishirg fulses, morecver it
frovides their independert adjustment: c) prcduces the joining of

videosignal on lavel of *tlack", removing lcw-frequency distcrticns
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and alternating-current bua. Secondly, as a result cf the ache
signals con the image accepted appear the edgirg alsc c¢f plastic. Fcr
eliminating this phencrercn cn the lines DTF can ke applied srecial
correctors with the autczatic ccrrection. Autcmatic tuning in thenm
pust it is conducted with the aid cf the sigrals cf the experizertal
row, transmitted simultaneously with sigral ard that intended for
crerational gquality ccmtrol cf the interurban telecasts (for more

detail see [7.14)).
Page 246.

And finally thirdly, fcr dealing with the fluctuaticns of cverall
line attenvation in thke ckappel cf trcposrheric line in the
television equipeent aust be grcvided the device of the stakilizaticn

of the level of TV signal.

The transmission cf the sctric tracking ¢f telavisicn Ly the
zethods, used on the usual lipes BEL- ChP at the sut-carrier
frequency, is very difficult as a result of the presence of selective
fadings and need in this case ot tte consideratle expansion cf the
tand of circuit. Therefcre c¢n tke troposgheric television lines it is
expedient to utilize a time-division multiplex cf the line
synchronizing and extinguishing pulses by the signals cf scnic

tracking [7.15). Suprlyirg in tke interval cf back stroke twc
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modulated pulses, it is fossible tc ensure the transmission of sonic

tracking with the band tc 12 kiHz.
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